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 Preface 
Mixed valent manganites are becoming useful materials for different 
applications due their fascinating interrelated structural, microstructural, transport, 
magnetotransport, magnetic properties. Studies on manganites have opened up 
several exciting and interesting possibilities for research in basic condensed matter 
physics and their applications such as read - write heads, bolometers, field and 
temperature sensors etc. The delicate interplay between the kinetic and electrostatic 
energies of mobile charge carriers and their coupling to lattice and the strong 
coupling between spin, charge and lattice degrees of freedom in manganites, lead to a 
wide range of striking physical phenomena exhibited by them. The physical 
properties of nanostructured mixed valent manganites are found to depend on the 
grain size and distribution affecting the nanoscale phase inhomogeneities and 
modified surface effects in these materials.  The variation in surface to volume ratio 
in the nanostructured manganites results in the modification in their electrical and 
magnetotransport as well as magnetic properties. Nanostructured manganites and 
manganite thin films were studied using various physical properties (mainly structure 
and microstructure dependent transport and magnetotransport). The nanostructured 
materials were synthesized using Sol - Gel technique, Co-precipitation, Chemical 
Solution Deposition technique at Department of Physics, Saurashtra University, 
Rajkot. Most of the experimental tools of characterization at UGC - DAE 
Consortium for Scientific Research, Indore, India and Tata Institute of Fundamental 
Research (TIFR), Mumbai, India, have been used. 
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1.1 Introduction 
Manganites are members of strongly correlated electrons family wherein the 
correlations among electrons assign various interesting properties to this class of 
materials. An enormous interest in the study of manganites is due to their interrelated 
properties and possibilities of device applications. Manganite is a class of materials 
which can change dramatically stoichiometrically in time and / or space as a result of 
small changes in condition. There are at least three reasons which make manganites an 
important area for experimentalists and theorists aiming to improve an understanding of 
the behavior of electrons in crystals. 
• The first obvious reason is the unexpectedly large magnetotransport properties of 
these compounds. Upon application of small magnetic fields, the resistivity changes 
by many orders of magnitude, an effect which carries the name of Colossal 
Magnetoresistance (CMR). 
• The second reason to study the manganites is, their rich phase diagrams, exhibiting a 
variety of phases with unusual spin, charge, lattice and orbital order. These four 
active degrees of freedom lead to a rich phenomenology and an excess of phases that 
have been identified experimentally using a variety of techniques. Phase competition 
at the boundaries between these phases produce interesting results. 
• The third reason pertains to the intrinsically inhomogeneous nature of manganites. In 
other words, the states formed in these compounds are dominated by coexisting 
clusters of competing phases. These phases may or may not have a different 
electronic density, but usually have different symmetry breaking patterns. 
Magnetoresistance (MR) is the change in resistance of the material under the 
application of externally applied magnetic field, H. The MR can be defined as 
100]/[% 00 ×−= ρρρ HMR  
where ρH and ρ0 are the resistivities in presence and absence of magnetic field H 
respectively. The enhancement in the resistance / resistivity under applied field is known 
as positive MR while the suppression in resistance / resistivity under applied field is 
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termed as negative MR. Manganites exhibit large negative MR under the application of 
magnetic field. 
The negative MR is also known as ordinary magnetoresistance (OMR). When MR 
is dependent on the angle between current direction and the orientation of the 
magnetization, it is called anisotropic MR (AMR). The large change in resistance has 
been attributed to the different scattering cross-sections of opposite spin electrons when 
passing through the ferromagnetic arrays. This dramatic increase in MR was named 
“giant magnetoresistance” (GMR). A new family of materials, based on parent LaMnO3 
has been formed to exhibit negative MR ~ 100% and the phenomenon is named as 
“Colossal Magnetoresistance (CMR) [1]. In the following paragraphs a brief description 
about various types of MR effects in different materials, is given - 
• Ordinary Magnetoresistance (OMR): 
Ordinary magnetoresistance means the increase in the electrical resistivity ρ of a 
material when placed in a magnetic field. The OMR phenomenon demonstrates that, 
Lorentz force is responsible for this effect. The change in resistivity, ∆ρ, is positive for 
both field parallel (∆ρ||) and transverse (∆ρT) to the current direction with ρT > ρ||. 
• Anisotropic Magnetoresistance (AMR): 
 
Fig. 1.1 Physical origins of AMR, (a) H ║ I having high resistance and (b) H ┴ I 
having low resistance 
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AMR measures the change in resistance when the current flowing through a 
magnetic sample changes from being parallel to the internal magnetization to being 
perpendicular to the sample as shown in fig. 1.1. In contrast to OMR, the AMR effect is 
anisotropic where ∆ρ|| increases with applied field and ∆ρT decreases with field. The 
physical origin of the AMR effect is due to the spin orbit coupling. The electron cloud of 
each atom slightly deforms along the direction of the magnetization and the deformation 
changes the amount of scattering between the conduction electrons and the atoms. If the 
field and magnetization are oriented parallel to the current as shown in fig. 1.1 (a), the 
electronic orbits are oriented perpendicular to the current and the cross-section for 
scattering increases which results into a high resistance state. Conversely, for field 
transverse to the current as shown in figure 1.1 (b), the electronic orbits are oriented 
parallel to the current and the cross-section for scattering decreases resulting into a low 
resistance state. 
• Giant Magnetoresistance (GMR): 
 
Fig. 1.2 (a) Ferromagnetic and (b) Antiferromagnetic coupling of 
ferromagnet/paramagnet/ferromagnet trilayer structure 
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GMR is a very large change in electrical resistance observed in            
ferromagnet / paramagnet / ferromagnet multilayer structures when the relative 
orientations of the magnetic moments in alternate ferromagnetic layers change as a 
function of applied field. The basis of the GMR is the dependence of the electrical 
resistivity of electrons in a magnetic metal on the direction of the electron spin, either 
parallel or antiparallel coupling to the magnetic moment of the multilayers as illustrated 
in fig. 1.2. Electrons having parallel spins with the magnetic moment in films undergo 
less scattering and therefore have a lower resistance. When the moments of the magnetic 
layers are antiparallel, there are no electrons which have a low scattering rate in both 
magnetic layers, causing an increased resistance. At applied magnetic fields where the 
moments of the magnetic layers are aligned, electrons with their spins parallel to these 
moments pass freely through the structure and hence lowering the electrical resistance. 
The relative huge change of resistance is so-called giant magnetoresistance (GMR). 
• Colossal Magnetoresistance (CMR): 
 
Fig. 1.3 ABO3 perovskite structures 
In 1994, colossal magnetoresistance was first observed by S. Jin et al [1] in 
manganite perovskites drawing a renewed interest in these materials. It was known as 
early as 1950 that, the perovskite compound LaMnO3 with the typical structure, shown in 
fig. 1.3, is normally antiferromagnetic state. If between 20% and 40% of the La3+ ions 
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were replaced with divalent ions such as Ca2+, Sr2+, Pb2+ or Ba2+, the resistance drops 
dramatically and the material appears to become ferromagnetic. The effect of substituting 
a divalent ion for a trivalent ion on the La-site was to force a nearby Mn to change from 
Mn3+ to Mn4+. Whenever Mn3+ and Mn4+ are on neighboring Mn-sites, there exists the 
possibility of conductivity by electrons hopping from the Mn3+ to Mn4+ via the 
intervening oxygen anion (O2-). The hopping current should be spin polarized and is 
required for a process of two simultaneous electron hopping (from Mn3+ onto O2- and 
from O2- onto Mn4+, thus interchanging the Mn3+ and Mn4+) called double exchange (DE). 
This hopping process critically depends on the relative alignment of the neighboring Mn 
core spins. Consequently, the electrical resistivity is extremely sensitive to the external 
magnetic field, thus giving rise to CMR. 
 
1.2 Nanostructured Manganites 
When the particle size or the grain size in solid is reduced to nanometer range (1 - 
100nm), important changes occur in the electronic band structure as well as in the crystal 
structure. In order to predict the performance of a particular device or component based 
on nanomaterials, it is essential to understand the way in which various structure - 
property correlations change with particle size in nano systems. This requires us to know 
how the grain structure as well as the crystal structure of a material varies with a decrease 
in the particle size. A nanoparticle, on the other hand, has predominantly “solid-like” 
properties. Its size is sufficiently larger to talk in terms of a crystal lattice but is still small 
enough to observe significant differences from bulk behavior. The effects determined by 
size, related to the evolution of structural, thermodynamic, electronic, spectroscopic, 
electromagnetic and chemical features of nanomaterials are known as size effects which 
constitute fascinating aspects of these materials. 
Fig. 1.4 shows the electronic structures of metal nanocrystals differs from bulk 
materials to isolated atoms. Figure 1.5 (left) shows an arrangement of atoms in cluster of 
nanoparticles having large strained surface and hence large number of dangling bonds at 
the surface. Fig. 1.5 (right) shows the size dependent average energy level spacing and 
I - 6 
 
Introduction to CMR Manganites 
 
the effective percentage of surface atoms as a function of particle diameter. Note that, at 
small size, a high percentage of surface atoms exist. 
 
Fig. 1.4 Density of states for metal nanocrystals compared to those of bulk and 
isolated atoms 
 
Fig. 1.5 Left: Arrangement of atoms in nanostructured materials having the 
dangling   bonds at the large strained surfaces 
 Right: Variation in energy level spacing and percentage of atoms on 
surface with an average particle diameter 
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The structure and properties of nanomaterials differ significantly from those of 
atoms and molecules as well as those of bulk materials. Chemistry and physics play an 
important role in the synthesis and characterization of nanobuilding units. The immediate 
objectives of the science and technology of nanomaterials are: (i) to fully master the 
synthesis of isolated nanostructures (building blocks) and their assemblies with the 
desired properties, (ii) to explore and establish nanodevice concepts and systems 
architectures, (iii) to generate new class of high performance materials, (iv) to connect 
nanoscience to molecular electronics and (v) to improve known tools while discovering 
better tools of investigation of nanostructures. 
Nanocrystalline ceramics have attracted considerable interest in recent years 
because of their new and interesting properties which are sensitive to the crystallite size. 
These properties include mechanical, optical, electrical and magnetic, many of them only 
manifest in dense ceramics. These new properties are linked to the high density of grain 
boundaries and interfaces that result from their nanoscale structure (characteristic length 
scale below 100 nm) [2]. While fabrication of nanoceramics logically starts from 
nanosized powders, the passage from nanosized powders to dense ceramics maintaining 
the nanometric microstructure (~ 100 nm) has proved challenging for the following 
reasons. First, agglomeration of powders increases with decreasing particle size and the 
size of the agglomerates rather than the size of the nanopowders define the characteristic 
length scales in sintering and final microstructure. Second, final stage sintering is always 
accompanied by rapid grain growth, which has increasing driving force with decreasing 
grain size, making it difficult to maintain the microstructure while improving density. 
Third, while there are conventional ceramic methods to enhance densification kinetics 
and suppress grain growth; they either depend on additives, which might adversely alter 
the physical properties, or resort to “bruit force” such as large applied pressure, which 
increases the cost and limits the process flexibility. Therefore, innovation is required to 
overcome or circumvent these problems in order to achieve efficient fabrication of 
nanoceramics. The first problem encountered in fabricating nanograined ceramics is 
powder compaction before sintering. In reality, the quality of powder compact is as much 
related to the powder characteristics as to the method of compaction. Powder 
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agglomerates formed during the synthesis process or during compaction have a decisively 
negative effect on subsequent sintering. 
In manganites, the competition between drastically different phases is very 
important. This is a common ingredient of strongly correlated electron systems. Phase 
competition is difficult to avoid. In many materials, this phase competition induces stable 
states where the carriers are not homogeneously distributed but form a variety of 
inhomogeneous patterns. It can be argued that, these inhomogeneities are the cause of the 
unusually large MR found in manganites. There is evidence that, the large resistivity of 
the paramagnetic insulating phase in manganites is associated with nanoscale 
inhomogeneities. Manganites appear to form “nanoscale phase-separated” states, namely 
states where two competing phases reach a compromise by forming inhomogeneous 
patterns. The coexistence and competition between different kinds of order involving 
charge, orbital, lattice and spin degrees of freedom leads to physical “complexity” as a 
characteristic of manganites behavior. The tunability of properties can be achieved by 
changing ionic sizes, chemical compositions, etc. The balance between competing phases 
is often subtle and small changes in composition can lead to large changes in the material 
properties. 
 
1.3 Manganite Thin Films 
Oxide films can have dramatically different physical properties as compared to 
the bulk. Besides the discovery of the large room temperature (RT) magnetoresistance 
(MR), the renewed interest in manganite perovskites has been boosted by another reason: 
the ability to synthesize high quality thin films of these materials. The emergence of 
epitaxial metal oxide films has been one of the most attractive subjects for the condensed 
matter community which was primarily stimulated by the discovery of high temperature 
superconductors (HTSC) and by the discovery of CMR effect in the manganite 
perovskites. This resulted in the development of various techniques such as sputtering, 
molecular beam epitaxy (MBE) and metal organic chemical vapor deposition (MOCVD), 
but most popular technique is probably the pulsed laser deposition (PLD) [3] which is 
some how cost expensive. As compared to PLD, there is an easy process to achieve the 
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epitaxial thin films of perovskites with good quality using chemical solution deposition 
(CSD) (or Sol-Gel spin coating) technique [4]. PLD is used extensively to synthesize 
cuprate and HTSCs, which are now routinely made in laboratories, and it has been easily 
and rapidly adapted for manganites. The manganite oxides are highly sensitive to the 
strain effect which offers the possibility of studying its influence upon various properties 
such as metal to insulator transition temperature (TP), ferromagnetic to paramagnetic 
transition temperature (Curie temperature) (TC), structure and microstructure / 
morphology. 
Manganite thin film properties differ from their bulk counterparts due to the 
presence of strain at the film-substrate interface (also known as the lattice mismatch) and 
the morphology of the films is different from that of the bulk materials [5, 6]. This 
indicates the structural and microstructural dependent modifications in the transport, 
magnetotransport and magnetic properties of the manganite films. The growth of a film 
on a substrate induces a structural strain due to lattice mismatch between the film and the 
substrate. The values of Mn - O bond length, D, and Mn - O - Mn bond angle, θ, can be 
altered by substitutions [7], external pressure [8] and/or strain introduced by the lattice - 
substrate mismatch [9]. The electrical, magnetoresistive and magnetic properties of the 
manganite films are sensitive to the annealing temperature and time, annealing 
environment, substrate used etc. The lattice mismatch between the substrate and the film 
leads to the lattice strain which can be calculated using formula, δ% = [(dsubstrate - dfilms) / 
dsubstrate] × 100. Positive or negative value of δ indicates a tensile strain or compressive 
strain in the film. These strains can be very effective in manipulating the electrical 
transport, magnetotransport and magnetic properties of the films. Therefore, the film 
thickness plays an important role in the property modification as the strain is relaxed with 
increase in thickness. In addition, the structural, microstructural, electrical transport, 
magnetotransport, magnetic, thermal etc can be finely tuned by the interface and surface 
nature of the manganite films. Both, surface and interface are important and effective 
parameters to tune the physical properties of the films as per their desire applications. 
Most important factor for the fabrication of film is the growth parameters. The 
electrical properties of the films depend on their crystallinity and therefore on the 
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deposition parameters. If the film shows large low field MR (LFMR), it becomes a sign 
of an existence of grain boundaries. It is reported that, the negative LFMR increases with 
decreasing temperature and particle size (and hence increasing grain boundary density) as 
observed for the first time by Gupta et al [10] in epitaxial and polycrystalline manganite 
films. Due to extreme sensitivity of the LFMR to the presence of large grain boundaries, 
the electrical measurements are often used to verify the crystallinity of the films and thus 
the relevance of the growth parameters. Another important parameter for the thin film 
application is the strain effects. The magnetic anisotropy of epitaxial thin films is usually 
an order of magnitude or larger than that of bulk samples, depending on the strength of 
the strain. 
 
1.4 Properties of Manganites 
The ground state of LaMnO3 is an A - type antiferromagnetic insulator with 
orthorhombic structure (Pbnm) [11]. In A-type ordering, the Mn spins are parallel in a 
basal plane and antiparallel from plane to plane [12]. The orthorhombic distortion in 
LaMnO3 has three Mn - O distances and three lattice constants due the Jahn Teller (JT) 
effect in the MnO6 octahedron. When La is progressively substituted by divalent ions 
(such as Ca, Sr, Pb or Ba etc), it becomes ferromagnetic and metallic below 
ferromagnetic to paramagnetic transition (Curie) temperature, TC, and shows 
paramagnetic insulating nature above this transition which can be explained by double 
exchange (DE) interaction theorem proposed by Zener in 1951 [13]. The basic process of 
this mechanism is the hopping of eg electrons from Mn3+ (t2g3 eg1) to Mn4+ (t2g3 eg0) via the 
O2-. When the amount of Mn4+ is increased by introducing the Ca2+, Sr2+, Pb2+ or Ba2+ 
into LaMnO3, the ferromagnetic DE interaction of Mn3+ - O2- - Mn4+ dominates instead of 
antiferromagnetic superexchange interaction between Mn3+ - O2- - Mn3+. Zener described 
that, the Hund’s rule exchange was strong and hence, the eg electrons can not change 
their spin orientation when hopping from Mn3+ to Mn4+. Based on this consideration, the 
eg electrons can only hop when the spins of the two ions are parallel. If the spins of the 
Mn are not parallel or canting with Mn - O - Mn bond angle, the transfer of eg electrons 
becomes difficult and the carrier mobility decreases. 
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After Zener, P.G. De Gennes proposed double exchange (DE) interaction based 
on the magnetic coupling between neighboring Mn3+ and Mn4+ ions which results from 
the motion of an eg electrons between two partially filled d-shells with strong on - site 
Hund’s coupling [14]. The DE theory has been used to describe this phenomenon and to 
explain successfully why x = 0.3 is the optimally doped composition [15]. Anderson et al 
proposed the DE mechanism by considering interactions between nearest neighbor 
magnetic ions [16] and calculated the transfer integral tij to be 
)2/cos(0 θtt ij =  
where t0 is the normal transfer integral and θ is the angle between the two spin directions. 
But researches showed that, the DE alone could not explain the all experimental work 
[17]. It has been claimed that, an additional mechanism, JT distortion, could be also 
responsible for the transport properties in the CMR materials. 
 
Fig. 1.6 Left: Hopping process of eg electrons between neighboring Mn ions (ZDE) 
 Right: Energy levels in Mn3+ ion due to Jahn Teller effect 
 
Fig. 1.6 (left) shows the hopping of eg electrons from Mn3+ to Mn4+ based on the 
Zener DE interaction. This hopping, critically, depends on the relative alignment of the 
Mn core spins. Fig. 1.6 (right) shows the energy level modified by JT effect. Fig. 1.7 
shows Mn4+ ion as non JT ion and Mn3+ as JT ion, revealing that, non JT ion has no JT 
distortion in MnO6 octahedra whereas JT ion has JT distortion of MnO6 octahedra. 
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Fig. 1.7 MnO6 octahedra for non Jahn Teller (Mn4+) and Jahn Teller (Mn3+) ions 
 
There are two structural parameters namely Mn - O bond length and Mn - O - Mn 
bond angle, in the CMR materials which play an important role. The motion of the eg 
electrons can be strongly influenced by an average ionic radius of A - site in ABO3 
structure and a close relationship between the bond length and bond angle of Mn3+ - O2- - 
Mn4+ and the electron bandwidth can be achieved [18]. The orthorhombic distortion in 
LaMnO3 decreases as La is progressively substituted by a divalent ion and the material 
becomes pseudocubic for x = 0.3. The structures are then described as orthorhombic 
(Pbnm, No.62), rhombohedral (R-3c, No.167) or pseudocubic [19]. Fig 1.8 (a) shows the 
diagram of orthorhombic (left) and rhombohedral (right) structures. The transfer of eg 
electrons is easier in the rhombohedral or pseudocubic phase (having Mn - O - Mn bond 
angle close to 180o) than in the orthorhombic phase. The size of the A - site cations plays 
a major role in governing the crystal structure and Mn - O - Mn bond angle as shown in 
fig. 1.8 (b). The crystal structure is rhombohedral with larger θ when the mean size of A - 
site cation is larger. With decrease in the mean size of the A - site cation, the structure 
becomes orthorhombic with smaller θ [20]. Fig. 1.8 (c) shows the spin structure in the 
spin canting model. The reduction in saturation magnetization (MS) can be explained by 
the spin canting of antiferromagnetic Mn sublattices [14]. Therefore, with decreasing the 
mean size of the A-site cation results in a small θ spin canting and weak ferromagnetism. 
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Fig. 1.8 (a) Diagram of Orthorhombic and Rhombohedral structures, (b) Mn-O-Mn 
bond bends induced by a small A-site doped ion and (c) Spin structure in 
the spin - canting process 
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According to earlier reports [21], there is a direct relationship between TC and 
average radius of A - site cation, <rA>, or tolerance factor t. The perovskite tolerance 
factor is defined by Goldschmidt [22]. 
)(2 OMn
OA
rr
rr
t
+
+
=  
The cubic perovskites have t = 1, where rA, rMn and rO represent the ionic radii of the 
lanthanides (or A-site cations), transition metal ions (or Mn-site cations) and oxygen, 
respectively. The Mn-O-Mn bonds bend when reducing t and lower the lattice symmetry. 
As a matter of fact, the perovskite structure may have the stable form in the range 0.89 < t 
< 1.02. 
 
1.5 Size Dependent Behavior of Nanostructured Manganites 
Manganites possess variety of magnetic and transport dependent phases which 
may or may not possess different carrier densities but usually exhibit different structural 
symmetries leading to ferromagnetic, charge ordered / spin ordered antiferromagnetic etc 
phases. The phase word refers to a thermodynamic concept where a large number of 
electrons are needed. In other words, the bubbles, clusters or stripes, found in the 
inhomogeneous states, are like small nanoscale pieces of bulk. For this reason, the phase 
separation is the terminology often used in reference to states with nanocluster 
coexistence. In certain manganites, a spectacularly diverse range of exotic electronic and 
magnetic phases can coexist at different locations within a single crystal. This striking 
behavior arises in manganites because of their strong magnetic, electronic and crystal 
structure interactions. An early suggestion that, two phase separation might govern the 
colossal magnetoresistive regime was made by Gorkov [23]. Monte Carlo simulations of 
the double exchange model with JT coupling also suggested phase segregation of 
ferromagnetic metal from antiferromagnetic insulator regimes. Among the most 
important experimental results that have convincingly shown the presence of intrinsic 
mixed phase tendencies in manganites are those reported by Uehara et al [24] in their 
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study of La5/8-yPryCa3/8MnO3 using transport, magnetic and electron microscopy 
techniques. They demonstrated phase separation in these particular manganites. 
In granular manganites, it is well known and common belief that, the core of each 
grain has the crystalline nature having ferromagnetic phase showing metallic behavior 
and large transfer integral while the grain boundary possesses amorphous like nature 
having paramagnetic phase showing insulating like behavior and negligibly small transfer 
integral. At every stage of the paramagnetic to ferromagnetic transformation (means from 
grain boundary to core of the grain transformation) a negligible magnetic interaction 
results between well separated ferromagnetic islands without applied magnetic field. The 
magnetization is uniform over the ferromagnetic region which abruptly diminishes at the 
interface with the paramagnetic phase. These islands are believed to interact with each 
other when a magnetic field is applied. In presence of an applied magnetic field, 
irregularly arranged spins at the grain boundaries become regular and eg itinerant 
electrons can move from one grain to another and transfer integral increases with increase 
in applied magnetic field. This is the origin of the CMR effect and supporting evidence to 
the earlier statement that, the phase separation in manganites is the origin of CMR effect 
[23]. 
Three fundamental transport and magnetotransport properties of manganites are 
affected by the nanoscale regime, which are (i) resistivity, (ii) transition temperatures, TC 
and TP, and (iii) magnetoresistance (MR). In nanostructured manganites, two important 
factors exist namely - [1] grain boundary effect, [2] intrinsic and extrinsic MR 
components. 
[1] Grain Boundary Effect 
Nanocrystalline materials consist of approximately equiaxed nanocrystallites 
(grains) divided by grain boundaries as shown in fig. 1.9. Grain boundaries crucially 
influence the physical properties of these materials. In general, the grain boundary effect 
comes into play because of large fraction of atoms of nanocrystalline material are located 
at grain boundaries having different behaviors from that that of bulk having similar 
chemical composition. The nanoscale effect occurs because many fundamental processes 
in crystals are associated with length scales around few nanometers. The outstanding 
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physical and chemical properties of nanocrystalline materials are highly sensitive to their 
structural stability. A grain growth process which destroys the nanocrystalline state is 
capable of causing a dramatic degradation of these properties. 
 
Fig. 1.9 Nanocrystalline material showing tentatively equiaxed grains (crystallites) 
of the same phase. Large scale views of typical structural elements of 
nanocrystalline material. Short grain boundaries and their triple junctions 
are shown in the bottom portion 
 
The structures of nanophase materials on a variety of length scales have an 
important bearing on their chemical and physical properties [25, 26]. They are dominated 
by their ultrafine grain sizes and by the large number of interfaces associated with their 
small grains. However, other structural features, such as pores, grain boundary junctions 
and other crystal lattice defects which depend upon the manner in which these materials 
are synthesized and processed, also play a significant role. It has become increasingly 
clear during the past several years that, all of these structural aspects must be carefully 
considered in trying to fully understand the properties of nanophase materials. 
Strains are a natural component of nanophase materials. Simply owing to the 
large number of grain boundaries and the concomitant short distances between them, the 
intrinsic strains associated with such interfaces [27] are always present in these 
nanostructured materials. Beyond these intrinsic strains, however, there may also be 
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present extrinsic strains associated with the particular synthesis method. In addition to the 
strain generated during the synthesis of nanomaterials, impurities are known to slow the 
grain growth by two mechanisms: first, segregated impurities induce a 'solute drag' on the 
movement of the grain boundaries [28]. Second, grain boundary segregation reduces the 
specific grain boundary energy and thereby the driving force for grain growth [29]. Grain 
is the well-known phenomenon of an increase in average grain size during annealing due 
to grain boundary migration. This movement of grain boundaries is due to annealing at a 
certain temperature for some time. The driving force for this growth is the reduction in 
grain boundary area and hence the total grain boundary energy of the system. Grain 
growth is a cooperative process simultaneously involving many individual grains of 
various sizes and shapes [30, 31]. Many properties of manganites such as transport, 
magnetotransport, magnetic, structural, etc depend on grain size. Therefore, a theoretical 
understanding of grain size [30] is expected to provide further insight into future 
applications in nanosystems as well. 
 
Fig. 1.10 (a) and (b) Schematic representations of nanocrystalline solids and (c) 
isolated nanosized particles. Dark and light shaded circles symbolize the 
atoms in the interior of the crystallites and at the interfaces respectively. 
Dashed lines denote the grain boundaries. (a) Nanocrystalline solid with a 
disordered grain boundary component (grain boundary atoms not on 
lattice sites) and (b) nanocrystalline solid where all atoms, including those 
in the grain boundaries, are located on crystal lattice sites 
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Fig. 1.10 (a) shows the schematic diagram of nanocrystalline solids having the 
disordered grain boundaries wherein the atoms are not on lattice sites indicating the non-
crystalline nature of the grain boundaries. This enhances the non-crystalline portion in the 
materials (specifically in manganites) and hence reduces the XRD peak intensity and 
enhances the FWHM of the XRD peaks. It also reduces the transport due to the large 
fraction of the non-crystalline grain boundaries and hence enhances the resistance of the 
manganites by suppressing the transfer integral of itinerant eg electrons from Mn3+ site to 
Mn4+ site. Fig. 1.10 (b) shows the schematic diagram of nanocrystalline solids having the 
disordered grain boundaries wherein the atoms are located at lattice sites indicating that, 
the atoms at the interfaces enhance the crystalline nature of the manganite nanomaterials 
along with an obvious crystalline core atoms of the grains located at the interior of the 
grains. This results into the large XRD peak intensity, low FWHM values of the XRD 
peaks, better transport and hence reduced resistivity due to the enhanced transfer of 
itinerant charge carriers through the oxygen site from Mn3+ site to Mn4+. Fig. 1.10 (c) 
shows the representation of isolated nanosized particles which may have the grain 
boundaries, having the size analogous to the grain diameter. 
[2] Intrinsic and Extrinsic Magnetoresistance (MR) Components 
As shown in Fig. 1.11, manganites are well known compounds exhibiting the 
CMR effect. Two types of CMR effects are observed depending upon the nature of the 
grain boundaries and grain morphology as well as temperature at which MR behavior is 
exhibited. 
[2.1] Intrinsic CMR Effect or Intrinsic MR Component 
 This component of MR is exhibited around the insulator to metal transition 
temperature (TP) in the vicinity of paramagnetic to ferromagnetic transition temperature 
(TC). Around the transition temperature, MR variation with temperature shows the peak 
which is known as intrinsic MR. The required magnetic field, to achieve appreciably 
large intrinsic MR, is generally > 1T (i.e. high magnetic field) and hence, it is also known 
as high field MR (HFMR). The cause for the origin of HFMR is magnetic field induced 
reduction in magnetic disorder at Mn-O-Mn bond angles and reduction in scattering of 
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charge carriers at the grain boundaries. This can be correlated with the spin arrangement 
of the Mn (eg electrons) in the lattice. 
 
Fig. 1.11 Types of magnetoresistance exhibited by CMR materials 
 
[2.2] Extrinsic CMR Effect or Extrinsic MR Component 
 Extrinsic MR is exhibited at low temperatures wherein the variation in MR with 
temperature shows the highest MR values which is known as extrinsic MR. The required 
magnetic field, to achieve large enough extrinsic MR, is generally ≤ 1T (i.e. low 
magnetic field) and hence, it is also known as low field MR (LFMR). Two types of 
mechanisms exist: One, MR decreases with increasing temperature indicating the cause 
of extrinsic LFMR as spin polarized tunneling (SPT) because the spin polarization 
increases with decrease in temperature and hence MR is increased with decrease in 
temperature while second, MR is almost independent to the temperature, indicating the 
cause of LFMR at low temperature as the spin dependent scattering (SDS). This 
component of MR is called extrinsic MR, because, one can alter the LFMR by changing 
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the external parameters like sintering temperature, sintering time, synthesis method, 
sintering environment etc through the modifications in grain morphology. 
As shown in fig. 1.11, if large magnetic field is applied, the HFMR at low 
temperatures is achieved which depends on the reorientation and stiffness of the spins at 
the grain boundaries and the connectivity between the neighboring grains. This HFMR 
only depends on the grain boundary nature and hence also known as extrinsic component 
of MR under high magnetic field. Thickness of the grain boundaries, magnetic disorder at 
the grain boundaries, crystalline nature of the grain boundaries etc govern the HFMR at 
low temperature. 
 
1.6 Applications of Manganites (Nanostructures and Thin Films) 
There are several possible applications of polycrystalline bulk and nanostructured 
thin films, which are described in brief - 
Bolometric Infrared Detectors: The bolometric sensor functionality is based on 
the steep temperature dependence of resistance in the vicinity of the insulator metal 
transition (TP). TP in manganites can be tuned by manipulating the chemistry which 
makes it feasible to tailor these materials for sensor operation over a wide temperature 
range between RT to LN2 and below. Figure of merit calculations based on the best 
currently demonstrated values of the temperature coefficient of resistance indicate good 
potential for development of state-of-the-art IR detectors based on manganites. 
Compared to conventional materials having length scale in the micrometer range, 
manganites possess smaller size (for greater storage density media), GMR and CMR 
effects (thereby possessing higher sensitivity for magnetic fields for sensor applications), 
lower coercivity (for next generation transformer materials), higher coercivity (for 
improved permanent magnets), superparamagnetic behavior (for improved magnetic 
imaging in magnetic force microscope systems) and enhanced magnetocaloric effects (for 
potentially enabling high temperature and low magnetic field refrigerators), light 
transparency (for advanced color toners) and larger Kerr effects (for magnetcoptic data 
storage). 
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Manganite based thin films and devices can be used as - Field and temperature 
sensors based on steep drop (or rise) in resistivity with temperature and field, data storage 
devices using magnetic tunnel junctions, magnetic diodes consisting layers of manganite 
and dilute magnetic semiconductors, spin valve and spin tunneling devices, microwave 
CMR sensors, electric field effect devices including non-volatile field effect switches, 
room temperature bolometric IR sensors, low temperature CMR - HTSC hybrid devices 
etc. 
 
1.7 Motivation of the Present Work 
The objectives envisaged to be achieved during the course of present work were, 
to synthesize nanostructured manganites using chemical routes and the growth of 
manganite thin films using CSD method. The synthesis and studies on polycrystalline 
mixed valent manganites synthesized using Sol - Gel and Co-precipitation methods were 
planned to understand the structural and microstructural dependent properties of the 
manganite system under investigation. In addition, the understanding of the basic 
mechanisms responsible for interesting transport and magnetotransport properties of 
doped manganites was also motivating force behind taking up the present research work. 
La0.7Pb0.3MnO3 (LPMO) manganite shows the ferromagnetic metallic (FMM) 
nature at RT along with the large MR value at RT. Nanostructured manganites with large 
grain boundaries (GBs) are known to exhibit pronounced low field MR (LFMR) 
properties useful for potential applications. Nanostructured LPMO polycrystalline 
manganites synthesized using the Sol - Gel route under different synthesis conditions, 
were found to possess the desired magnetoresistance properties under low applied fields. 
The variation in sintering temperature modifies the grain boundary contribution to the 
electrical transport and magnetotransport properties. Most of the useful applications 
require the material in thin film form whose properties depend markedly on the lattice-
substrate interface and surface. Both, the interface and surface properties can be tailored 
by changing the film thickness, substrate used and deposition conditions. Keeping in 
mind these aspects, the LPMO films with different thicknesses were grown using CSD 
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technique and their properties were studied by using different characterization 
techniques. 
 Co-precipitation is a useful technique to synthesize fine particles with even size 
distribution and less time consumption compared to other techniques. La0.7Sr0.3MnO3 
(LSMO) manganites are well studied compounds which exhibit many interesting 
properties depending on their microstructure. A series of LSMO samples synthesized 
using Co-precipitation route having nanosized grains were found to exhibit large LFMR. 
The effect of sintering temperature on the grain growth mechanism which modifies the 
transport and magnetotransport behavior of the LSMO samples has been studied. In 
addition, the comparison of various properties of CSD (Spin Coating) grown and PLD 
grown La0.8-xPr0.2SrxMnO3 (LPSMO) (x = 0.1, 0.2 & 0.3) manganite thin films deposited 
on single crystalline STO substrates, was carried out to understand the effect of synthesis 
conditions and parameters on the structural, transport and magnetotransport behavior of 
LPSMO system. 
 
 Chapter Wise Contents 
 
 Chapter I of the thesis deals with the introduction to the manganites and the 
details about various basic aspects of the physics underlying the nanostructured 
polycrystalline bulk and thin films of manganites. The effect of grain size and surface to 
volume ratio on the physical properties of nanostructured manganites has been discussed 
in this chapter. At the end, various applications of manganites in bulk and thin film forms 
have been given followed by the motivation for undertaking the present studies on the 
mixed valent bulk and thin film manganites. 
Chapter II outlines various techniques used for synthesizing bulk and thin films of 
manganites with detailed account of the Sol - Gel, Co-precipitation and CSD (spin 
coating) methods used during the course of this work. This chapter also contains the 
description about various experimental characterization techniques such as XRD, SEM, 
AFM, LFM and ρ - T measurements used during the present studies. 
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Chapter III is fully devoted to the studies on Sol - Gel grown polycrystalline 
La0.7Pb0.3MnO3 (LPMO) manganites. The effect of sintering temperature on the 
structural, microstructural, transport and magnetotransport properties of LPMO 
manganites has been discussed in detail in the light of grain boundary modifications, 
crystallite size dependence and grain growth mechanisms. The effect of variation in 
surface to volume ratio of grains on the intrinsic and extrinsic MR behavior of LPMO 
samples has been explained. In addition, the correlation between the low temperature 
resistivity minima behavior observed in these compounds with the microstructural 
properties has been discussed. 
Chapter IV is dedicated to the studies on thickness dependent properties of CSD 
grown LPMO films to understand the effect structural strain and surface characteristics. It 
also explains, in detail, the effect of film thickness on the low temperature resistivity 
minima and Temperature Coefficient of Resistance (TCR) behavior of LPMO films 
studied. 
Chapter V deals with the studies on the polycrystalline bulk La0.7Sr0.3MnO3 
(LSMO) manganites synthesized using Co-precipitation route for obtaining uniform fine 
particle distribution. The effect of grain size on the Mn-O bond angle and bond lengths 
affecting MnO6 octahedra in the crystallographic unit cell of LSMO is understood using 
X-ray Rietveld refinements. Also, the effect of sintering temperature on the transport and 
magnetotransport of nanostructured LSMO samples has been discussed in the first part of 
this chapter. In the second part of Chapter V, the studies on La0.8-xPr0.2SrxMnO3/STO 
(LPSMO) films grown using cost effective and simple CSD (spin coating) method are 
given and a comparison of the results obtained, with those reported earlier on the PLD 
grown LPSMO films, is made to explore the possibility of using CSD grown manganite 
films for specific applications. 
 
 
 
 
I - 24 
 
Introduction to CMR Manganites 
 
References 
[1] S. Jin, T.H. Tiefel, M. Me Cormak, R.A. Fastnacht, R. Ramesh and L.H. Chen, 
Science 264, 413 (1994) 
[2] H. Gleiter, Acta Mater. 48, 1 (2000) 
[3] D.B. Chrisey and G.K. Hubler (ed), Pulsed Laser Deposition of Thin Films, Wiley 
- Interscience, New York (1994) 
[4] Robert W. Schwartz, Chem. Mater. 2325, 9 (1997) 
[5] H.S. Wang, Qi Li, Kai Liu and C.L. Chien, Appl. Phys. Lett. 74, 2212 (1999) 
[6] H.Q. Li, Q.F. Fang, Z.G. Zhu, Mater. Lett. 52, 120 (2002) 
[7] H.Y. Hwang, S.W. Cheong, P.G. Radaelli, M. Marezio and B. Batlogg, Phys. 
Rev. Lett. 75, 914 (1995) 
[8] K. Khazeni, Y.X. Jia, L. Lu, V.H. Crespi, M.L. Cohen and A. Zettl, Phys. Rev. 
Lett. 76, 295 (1996) 
[9] T.Y. Koo, S.H. Park, K.B. Lee and Y.H. Jeong, Appl. Phys. Lett. 71, 977 (1997) 
[10] A. Gupta and J. Sun, J. Magn. Magn. Mater. 200, 24 (1999) 
[11] W.E. Pickett and D.J. Singh, Phys. Rev. B 53, 1146 (1996) 
[12] Y.S. Su, T.A. Kaplan and S.D. Mahanti, Phys. Rev. B 61, 1324 (2000) 
[13] C. Zener, Phys. Rev. 82, 440 (1951) 
[14] P.G. De Gennes, Phys. Rev. 118, 141 (1960) 
[15] P. Schiffer, A.P. Ramirez, W. Bao and S.W. Cheong, Phys. Rev. Lett. 76, 3336 
(1995) 
[16] P.W. Anderson and H. Hasegawa, Phys. Rev. 100, 675 (1955) 
[17] J. Millis, P.B. Littlewood and B.I. Shraiman, Phys. Rev. Lett. 74, 5144 (1995) 
[18] S.L. Young, H.Z. Chen, C.H. Lin, L. Horng, J.B. Shi and Y.C. Chen, J. Magn. 
Magn. Mater. 239, 70 (2002) 
I - 25 
 
Introduction to CMR Manganites 
 
[19] C.N.R. Rao, R. Mahesh, A.K. Raychaudhuri and R. Mahendiran, J. Phys. Chem. 
Solids 59, 487 (1998) 
[20] J. Fontcuberta, J.L. Garcia-Munoz, M. Suaaidi, B. Martinez, S. Pinol and X. 
Obradors, J. Appl. Phys. 81, 5481 (1997) 
[21] A.N. Ulyanov, S.C. Yu, N. Yu, Starostyuk, N.E. Pismenova, Y.M. Moon and 
K.W. Lee, J. Appl. Phys. 91, 8900 (2002) 
[22] V. Goldschmidt, Geochemistry, Oxford University Press (1958) 
[23] L.P. Gorkov, Sov. Phys. Usp. 41, 589 (1998) 
[24] M. Uehara, S. Mori, C.H. Chen and S.W. Cheong, Nature, 399, 560 (1999) 
[25] H. Gleiter, Prog. Mater. Sci. 33, 223 (1989) 
[26] G.C. Hadjipanayis and R.W. Siegel, Edited, Nanophase Materials: Synthesis 
Properties Applications (Dordrecht: Kluwer) (1994) 
[27] R. Cammarata and K. Sieradzki, Phys. Rev. Lett. 62, 2005 (1989) 
[28]  R.E. Srolovitz, R. Eykhold, D.M. Barnett and J.P. Hirth Phys. Rev. B 35, 6107 
(1987) 
[29]  E. Hondros and M. Seah, Physical Metallurgy, edited, R. Cahn and P. Haasen 
(Amsterdam: North Holland) p 855 (1983) 
[30] H.V. Atkinson, Acta Metall. 36, 469 (1988) 
[31] C.S. Smith, Acta Metall., 1, 295 (1953) 
  
 
Chapter 2 
Experimental Techniques for Materials Characterization 
 
2.1 Introduction         II - 01 
2.2 Synthesis         II - 02 
 2.2.1 Solid State Reaction (SSR)      II - 02 
 2.2.2 Co-precipitation       II - 03 
 2.2.3 Sol - Gel        II - 05 
2.3 Thin Film Fabrication        II - 09 
 2.3.1 Chemical Solution Deposition (CSD)    II - 09 
 2.3.2 Pulsed Laser Deposition (PLD)     II - 11 
2.4 Structure         II - 12 
2.4.1 X-ray Diffraction (XRD)      II - 12 
2.4.2 Rocking XRD Curves       II - 15 
2.5 Microstructure        II - 16 
 2.5.1 Scanning Electron Microscopy (SEM)     II - 16 
 2.5.2 Atomic Force Microscopy (AFM)      II - 17 
2.6 Transport and Magnetotransport Measurements    II - 19 
 2.6.1 Resistivity and Magnetoresistance (MR) Measurements  II - 19 
 References         II - 22 
II - 1 
 
Experimental Techniques for Materials Characterization 
 
2.1 Introduction 
Synthesis of high quality materials with desired properties is utmost important in 
the experimental condensed matter physics research. The solid samples can be 
synthesized in variety of shapes and sizes depending upon their necessities, such as, 
single crystals, amorphous solids, thin films, thick films, polycrystalline powder, etc. 
Several methods available to synthesize high quality samples in bulk and thin film forms 
are, Solid State Reaction (SSR), Vapor Phase Transport (VPT), Co-precipitation, Sol - 
Gel, Physical Vapor Deposition (PVD), Chemical Vapor Deposition (CVD), Pulsed 
Laser Deposition (PLD), Chemical Solution Deposition (CSD), Metal-Organic Chemical 
Vapor Deposition (MOCVD), Sputtering, Flux Growth Technique, Electrochemical 
Methods etc.  
Various techniques for structural analysis of the samples include X-ray 
Diffraction (XRD), Neutron Diffraction (ND) and Electron Diffraction (ED) while 
microstructural characterization methods are Scanning Electron Microscopy (SEM), 
Atomic Force Microscopy (AFM), Lateral Force Microscopy (LFM), Scanning 
Tunneling Microscopy (STM), Magnetic Force Microscopy (MFM), Transmission 
Electron Microscopy (TEM), etc. For transport studies, four probe resistivity 
measurements and magnetoresistance measurements using Physical Property 
Measurement System (PPMS) (Quantum design) is used and for magnetic property 
measurements d.c. magnetization, a.c. susceptibility studies are carried out. 
Mixed valent manganites are generally synthesized using SSR for obtaining 
polycrystalline bulk, using Sol-Gel and Co-precipitation for obtaining nanostructured 
materials and by using CSD and PLD techniques for thin film fabrication. All the 
manganites are usually characterized using XRD, TEM, SEM, AFM, LFM, four probe 
resistivity, magnetoresistance measurements and magnetic properties using PPMS and 
SQUID. A brief introduction to various synthesis routes, fabrication techniques and 
characterization tools used in manganite research is given in the next pages - 
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2.2 Synthesis 
2.2.1 Solid State Reaction (SSR) 
This is the most widely used method for the synthesis of polycrystalline bulk 
manganites. Solid State Reaction (SSR) method provides large range of selection of 
starting materials like, oxides, carbonates, etc. Since, solids do not react with each other 
at room temperature (RT), it is necessary to heat them at elevated temperatures as high as 
up to 1500oC for the proper reaction to take place at appreciable rate. Thus, both, 
thermodynamic and kinetic factors are important in SSR. 
In SSR method, the solid reactants react chemically without the presence of any 
solvent at high temperatures yielding a product which is stable. The major advantage of 
SSR method is, the final product in solid form is structurally pure with the desired 
properties depending on the final sintering temperatures. This method is environment 
friendly and no toxic or unwanted waste is produced after the SSR is complete. 
Fig. 2.1 shows various steps involved in conventional SSR route. The final 
product of SSR is usually in the form of a powder or a sintered, polycrystalline piece. 
Large single crystals are not usually obtained by this method. 
Steps Involved - 
1. Take appropriate high purity starting materials, fine grain powders, in stoichiometric 
proportions 
2. Weigh all of them, as per the calculations performed 
3. Mix them together, thoroughly using agate mortar and pestle or ball milling (for large 
quantity sample) 
4. Heat the solid powder mixture (calcination) at elevated temperatures in air using 
muffle furnace. 
5. Repeat the calcination process twice with intermittent grinding 
6. The black powder is pelletized to form uniform and compact pellets which are 
sintered at more elevated temperatures (~ 1375oC) for prolonged duration 
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Fig. 2.1 Schematic illustration of sample preparation by conventional solid state 
reaction route 
 
The final solid pellet sample possesses all the required properties of manganites. 
The final temperature and duration of sintering may vary depending on the nature and 
properties of the sample under preparation. 
 
2.2.2 Co-precipitation 
In conventional synthesis routes, the reactants are mixed together manually by 
grinding the mixture of starting materials or mechanically by ball milling process and the 
subsequent reaction rate depends on a large degree on the particle size of the reactants, 
the degree of homogenization achieved on mixing and the intimacy of contact between 
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the grains, as well as the obvious effect of temperature. By using the co-precipitation 
route, it is possible to achieve a high degree of homogenization together with a small 
particle size and faster reaction rates. The extent to which a component can be separated 
from solution can be determined from the solubility-product constant obtained by 
determining the quantity of dissolved substance present in a known amount of saturated 
solution. This value is known as the solubility. The solubility can be drastically altered 
merely by adding to the solution any of the ions which make up the precipitate. Although, 
solubility can be altered over a wide range, the solubility product itself remains 
practically constant over the same range. 
Fig. 2.2 shows the general steps involved in co-precipitation method. The process 
is designed to avoid any sequential precipitation of metal ions in order to achieve desired 
stoichiometry. Solution based methods are generally used to improve homogeneity and 
purity and also to reduce particle size. Soluble metallic salts (typically nitrates) are 
dissolved in aqueous solvent and then precipitated from the liquid phase. The anion 
solution is used to simultaneously precipitate the cation species as carbonates and / or 
hydroxides. The low processing temperatures used in this method results in powders with 
small particle size at nanoscale. Further, the homogeneously mixed precursors increase 
the reaction rates during calcination. 
 
Fig. 2.2 Schematic illustration of sample preparation by co-precipitation method 
 
Few commonly used steps involved in the synthesis of mixed oxide material are 
(1) taking appropriate stoichiometric amounts of starting materials, (2) making 
appropriate amount of basic solution having very high pH (3) achieving the reducing 
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state (acidic state) of mixture of all the starting materials by centrifugation (4) 
maintaining high pH ~ 14 of the precipitation solution (5) performing decantation to 
remove excess water, undesired ions and impurities. Co-precipitation method for mixed 
oxide compounds results into small sized particles, homogeneously and evenly 
distributed having single phasic nature. It requires very low heating treatment, some 
times no need to sinter the product, only calcination is sufficient. It is preferable when 
large quantity of product (powder) is required. It offers variety of precursor selections to 
choose as starting materials starting from simple salts to complicated organic-inorganic 
materials, cost effective and easy to set-up also. In this method, pH is very sensitive 
parameter which should be carefully controlled to achieve better product. The co-
precipitation method does not work well in cases where: (a) the two reactants have 
different solubilities in water, (b) the reactants do not precipitate at the same rate or (c) 
supersaturated solutions commonly occur. 
 
2.2.3 Sol - Gel 
Sol - Gel is a chemical solution based process of synthesizing wide range of 
materials especially mixed oxides which is used due to its advantages of flexible nature, 
low temperature synthesis etc. The control over the stoichiometry of the resultant product 
is a benefit of this method. Sol - Gel method has been widely used in synthesizing not 
only glasses and ceramics but also organics and biomaterials. Sol - Gel process provide 
variety of precursors to select as starting materials, covers the wide range of systems 
including conventional superconductors, high temperature superconductors, ferrites, 
manganites, multiferroics, Dilute Magnetic Semiconductors (DMS) etc. It also provides 
better results for inorganic as well as organic compositions. It offers homogeneous 
particle growth having small size (at nanoscale), uniform size distribution and 
monodispersive nature of the particles. Sol-gel is very easy to handle and set-up, cost-
effective and yields predefined stoichiometric compounds. Fig. 2.3 depicts various steps 
involved in the synthesis of crystalline oxides using Sol - Gel. 
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Fig. 2.3 Schematic steps involved in sol-gel synthesis of crystalline oxide 
 
Fig. 2.4 Some possible products of Sol - Gel processing 
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 Some Possibilities with Sol-Gel Synthesis: 
The most favorable and preferred sol-gel technique for synthesizing the single 
phasic ceramic and glass materials is schematically shown in fig. 2.4 and fig. 2.5. In sol-
gel, the precursors are mixed in solution and through hydrolysis and condensation, 
reactions connect them with each other to form a sol. The sol, or sometimes the precursor 
solution itself, can be used for making gel-films by spin coating, dip coating, spraying or 
for gel-fibers. The rapid evaporation of the solvent causes gelation during the actual film 
or fiber preparation. The sol may also be reacted with water in an emulsion process and / 
or spray dried to form powders, or it may undergo further condensation reactions 
resulting in a gel. Depending upon the reaction conditions, the gel may be of a particulate 
or polymeric nature, and it is also possible to make uniform and monodispersed 
nanometer or micrometer sized powders or monolithic gel bodies. The high stress during 
drying causes many gels to crack or collapse, so that a powder is obtained. The xerogel 
(xero means dry), may be crushed and sintered into dense glasses and ceramics. It is 
possible to prepare highly porous materials in which the solid network of the wet gel is 
maintained after drying. By using supercritical drying the capillary pressure is avoided 
and the solvents may be extracted from the gel without cracking. The resulting Aerogels 
have very low densities and may have a solid content of only a few volume percentages. 
Another way to reduce the shrinkage is to remove the hydroxyls through surface 
modification and thereby reduce the condensation. 
 Sol-Gel Derived Ceramics: 
The intimate mixing of the elements in gel form results in very short diffusion and 
thereby allows formation of the target material to occur at considerably lower 
temperatures as compared to in conventional chemical routes. Sol - Gel makes it possible 
to obtain low temperature modifications or metastable phases and provides good control 
over the stoichiometry in processing of ceramics. Another advantage of an even 
elemental distribution within the gel is that, unlike solid state reaction route, sol-gel 
processing does not require any grinding procedures to achieve homogeneous single 
phasic ceramics, thereby avoiding a potential source of contamination. This, along with 
the purity of the precursors, makes the sol-gel process an excellent method for making 
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high purity materials, such as optoceramics, electroceramics and glasses for optical wave 
guides. The precise size control of the particles is yet strength of sol-gel processing. The 
particles can be used as starting materials for polycrystalline ceramic compacts. In the 
preparation of ceramic bodies, a controlled particle size distribution can yield very high 
densities, which might be sintered into fully dense bodies. Controlled particle sizes also 
provide better control of the microstructure during densification. For this purpose, oxide 
nanoparticles prepared from alkoxide precursors are of great interest, and is important 
technological application of the sol-gel processing. 
The target oxide is formed by heating the xerogel. Crystallization and sintering 
may occur from temperatures of about 300°C, but the reactions during heating, and thus 
the temperatures needed, depend on the organic and hydroxyl content of the gel and on 
the nature of its metal ions. A standard course during heating up to ~ 150°C physically 
adsorbs water and the solvent is evaporated. Condensation reactions of hydroxyls to 
liberate water may continue to ~ 500°C. Decomposition and/or combustion of organic 
residues usually occur between ~ 200 and 450°C. If the gel contains large basic ions 
such as Ca2+, Sr2+, Pb2+, Ba2+ or Ln3+, these ions may form carbonates by absorption of 
carbon dioxide from combustion products or from the air. These carbonates may need 
temperatures of ~ 800°C or more to decompose. Fig. 2.5 shows the illustration of gel to 
oxide conversion that taken place during the sol-gel processing. Fig. 2.5 also shows the 
possible phase evolution at different temperatures. 
 
Fig. 2.5 Gel to oxide conversion during sol-gel processing and schematic 
illustration of the phase evolution at different possible temperatures 
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2.3 Thin Film Fabrication 
Thin film deposition techniques fall into two broad categories, depending on 
whether the process is primarily chemical or physical. In chemical deposition, a fluid 
precursor (a compound that participates in the chemical reaction that produces another 
compound) undergoes a chemical change at a solid surface, leaving a solid layer. For 
example, coating, plating, sol-gel, spin coating, chemical solution deposition, metal-
organic chemical vapor deposition, etc are the chemical deposition techniques. In 
physical deposition, mechanical or thermodynamics is used to produce a solid thin film. 
For example, sputtering, pulsed laser deposition, cathodic arc deposition etc are the 
physical processes of thin film deposition. The details of Chemical Solution Deposition 
(CSD) (chemical deposition) and Pulsed Laser Deposition (PLD) (physical deposition) 
techniques are given in the present section - 
 
2.3.1 Chemical Solution Deposition (CSD) 
Conventional chemical vapor deposition (CVD) and physical vapor deposition 
(PVD) processes are used routinely to synthesize thin films. Such process technologies 
are rather complex and expensive. For most applications, one would prefer films having 
special texture, low grain boundary density and smooth surfaces. Epitaxial films fulfill 
these requirements. Very promising approach to synthesize inorganic single crystalline 
thin films is Chemical Solution Deposition (CSD) technique (fig. 2.6). 
Various steps involved in CSD technique are - 
• Deposition of the coating fluid on the wafer or substrate. This can be done by using a 
nozzle and pouring the coating solution or by spraying it on the surface. A substantial 
excess of coating solution is usually applied compared to the amount that is required. 
• The substrate is accelerated up to its desire rotation speed depending upon the 
requirement of thickness 
• The substrate is spinning at a constant rate and fluid viscous forces dominate the fluid 
thinning behavior 
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• The substrate is spinning at a constant rate and solvent evaporation dominates the 
coating thinning behavior 
 
Fig. 2.6 Chemical Solution deposition (CSD) method for the fabrication of 
epitaxial inorganic thin films 
 
 
Fig. 2.7 Monodispersive nature of the particles in oxide materials 
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The great advantage of the CSD grown films is the monodispersed particles of 
oxide materials on the substrate (fig. 2.7) (even monodispersive nature of the particle can 
be possible in powder of the oxide materials). Monodispersive collections can be easily 
created through the use of template based synthesis, a common method of synthesis in 
nanotechnology. Monodisperse polymers are typically created through natural processes. 
CSD is very important because it offers monodispersive nature of the particles, easy to 
set-up and handle, cost effective, yields stoichimetrically predefined compound, low 
processing temperature, great control over the oxygen displacement, large substrate area 
coverage, sufficient adhesion of the film to the substrate and homogeneous thickness of 
the films over the used area of the substrate. 
 
2.3.2 Pulsed Laser Deposition (PLD) 
Pulsed Laser Deposition (PLD) is a technique for growing high quality films 
using a high power pulsed laser beam on to a target having desired stoichiometry placed 
in high vacuum chamber. The material is ablated from the target and deposited on the 
specific target placed in vacuum. The process occurs in ultra high vacuum (UHV) or in 
the presence of a background gas, usually oxygen, so that the deposited films are fully 
oxygenated. Out of many laser sources available for PLD of films, mostly short and high 
energy KrF and Nd:YAG lasers are used. Fig. 2.8 shows the schematics of the PLD set-
up. 
 
Fig. 2.8 Schematic diagram of PLD set-up 
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The PLD can be divided into the following four stages - 
1. Laser radiation interaction with the target 
2. Dynamics of the ablation materials 
3. Deposition of the ablation materials with the substrate 
4. Nucleation and growth of a thin film on the substrate surface 
Each stage in PLD is critical to the formation of quality epitaxial crystalline, 
stoichiometric, uniform and small surface roughness thin films. The other advantages of 
PLD technique are - 
Conceptually simple: A laser beam vaporizes a target surface, producing a film with the 
same composition as the target 
Versatile: Many materials can be deposited in a wide variety of gases over a 
broad range of gas pressures 
Cost - effective: One laser can serve many vacuum systems 
Fast: High quality samples can be grown reliably in 10 or 15 minutes 
Scalable: As complex oxides move toward volume production 
 
2.4 Structure 
2.4.1 X-ray Diffraction (XRD) 
X-ray scattering techniques are a family of non - destructive analytical techniques 
which reveal information about the crystallographic structure, chemical composition and 
physical properties of materials and thin films. These techniques are based on observing 
the scattered intensity of an X-ray (in the form of electromagnetic radiation) beam hitting 
a sample as a function of incident and scattered angles, polarization and wavelength or 
energy. X-Rays are electromagnetic radiation of exactly the same nature as light, but of 
very much shorter wavelength. The unit of measurement in the X-ray region is the 
angstrom (Å), equal to 10-10 m and X-rays used in diffraction have wavelengths lying in 
the range of 0.5-2.5 Å where as visible light is of the order of 6000Å. X-rays are 
II - 13 
 
Experimental Techniques for Materials Characterization 
 
produced when any electrically charged particle of sufficient kinetic energy decelerates. 
Electrons are usually used for this purpose, the radiation being produced in an X-ray tube 
which contains a source of electrons and two metal electrodes. The high voltage 
maintained across these electrodes draws the electrons to the anode, or target, and they 
strike with high velocity. X-rays are produced at the point of impact and radiate in all 
directions. Most of the kinetic energy of the electrons, striking to the target, is converted 
into heat, less than 1% being transformed into X-rays. 
Fig. 2.9 (left) illustrates the interference (constructive) between waves scattering 
from two adjacent rows of atoms in a crystal and fig. 2.9 (right) shows the schematic 
diagram of XRD by thin film. The net effect of scattering from a single row is equivalent 
to partial reflection from a mirror imagined to be aligned with the row. Thus, the angle of 
"reflection" equals the angle of incidence for each row. Interference then occurs between 
the beams reflecting from different rows of atoms in the crystal. 
 
Fig. 2.9 (left) Diffraction of X-rays by crystal planes (Bragg’s Law) (right) 
schematic of XRD by thin film 
 
When X-rays are scattered from a crystal lattice, peaks of scattered intensity are 
observed which correspond to the following conditions:  
1. The angle of incidence = angle of scattering  
2. The path length difference is equal to an integer number of wavelengths  
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By finding the wavelengths (λ) that allow the X-rays diffracting from the lower 
crystal plane to cover the distance from CB to BD and still be in constructive interference 
with the upper X-rays, Bragg's Law can be upheld which in the equation form is,  nλ = 2d 
Sinθ. The condition for maximum intensity contained in Bragg's law, allow us to 
calculate details about the crystal structure, or if the crystal structure is known, to 
determine the wavelength of the X-rays incident upon the crystal. 
Different possibilities for the use of X-ray diffraction technique are - 
1. Single-crystal X-ray diffraction is a technique used to solve the complete structure of 
crystalline materials, ranging from simple inorganic solids to complex 
macromolecules, such as proteins 
2. Powder diffraction (XRD) is a technique used to characterize the crystallographic 
structure, crystallite size and preferred orientation in polycrystalline or powdered 
solid samples. Powder diffraction is commonly used to identify unknown substances 
by comparing diffraction data against a database maintained by the International 
Centre for Diffraction Data (ICDD). It may also be used to characterize 
heterogeneous solid mixtures to determine relative abundance of crystalline 
compounds and when coupled with lattice refinement techniques, such as Rietveld 
refinement [1], can provide structural information of unknown materials. Powder 
diffraction is also a common method for determining strains in crystalline materials. 
An effect of the finite crystallite sizes is seen as a broadening of the peaks in an X-ray 
diffraction as is explained by the Scherrer Equation 
3. Thin film diffraction and grazing incidence X-ray diffraction may be used to 
characterize the crystallographic structure and preferred orientation of substrate-
anchored thin films 
4. High-resolution X-ray diffraction is used to characterize thickness, crystallographic 
structure and strain in thin epitaxial films. It employs parallel-beam optics 
5. X-ray pole figure analysis enables one to analyze and determine the distribution of 
crystalline orientations within a crystalline thin-film sample 
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6. X-ray rocking curve analysis is used to quantify grain size and mosaic spread in 
crystalline materials 
 
2.4.2 Rocking XRD Curves 
 
Fig. 2.10 Alignment of the crystallites in the direction n grown on the substrate, and 
S is the perpendicular vector to the substrate. 
When performing a Rocking Curve, the detector is fixed and thus the diffraction 
angle 2θ is constant. Regarding Bragg's law, only one certain net plane distance is chosen 
by fixing the diffraction angle. A Rocking Curve is usually performed at a known peak of 
a θ - 2θ scan to check the spatial distribution of the crystallites. This is realized by tilting 
the sample, in other words the incident angle. Therefore, a Rocking Curve probes the 
parallelism condition (S ║ n). As shown in Fig. 2.10, a Rocking Curve probes the quality 
of the alignment of the crystallites. If they are distributed completely randomly (powder) 
a Rocking Curve will not lead to a peak but rather yield an almost constant intensity. The 
better the crystallites are aligned the narrower the Rocking Curve will be. The narrowest 
Rocking Curves are obtained when investigating a single crystal since there is only one 
crystal. 
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2.5 Microstructure 
2.5.1 Scanning Electron Microscopy (SEM) 
An electron microscope is a type of microscope which uses a particle beam of 
electrons to illuminate a specimen and create a highly-magnified image. Electron 
microscopes have much greater resolving power than optical microscopes and can obtain 
much higher magnifications of up to 2 million times, while the best optical microscopes 
are limited to magnifications of several thousand times. Both electron and light 
microscopes have resolution limitations, imposed by the wavelength of the radiation they 
use. The greater resolution and magnification of the electron microscope is because the 
wavelength of an electron, i.e. de Broglie wavelength, is much smaller than that of a 
photon of visible light. 
 
Fig. 2.11 Schematic diagram of typical electron microscope 
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Fig. 2.11 shows the schematic diagram of typical electron microscope. The 
scanning electron microscope (SEM) is a type of electron microscope that images the 
sample surface by scanning it with a high-energy beam of electrons in a raster scan (is the 
rectangular pattern of image capture and reconstruction in television or computer and 
then highlights on the screen) pattern. The electrons interact with the atoms and hence 
make up the sample producing signals that contain information about the sample’s 
surface topography, composition and other properties such as electrical conductivity. 
 
2.5.2 Atomic Force Microscopy (AFM) 
Scanning Probe Microscopy (SPM) is a branch of microscopy which forms 
images of surfaces using a physical probe by scanning the specimen. An image of the 
surface is obtained by mechanically moving the probe in a raster scan of the specimen, 
line by line, and recording the probe surface interaction as a function of position. Many 
scanning probe microscopes can image several interactions, simultaneously. The manner 
of using these interactions, to obtain an image, is generally called a mode. 
 
Fig. 2.12 Block diagram of Atomic Force Microscope (AFM) 
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The atomic force microscope (AFM) is a very high resolution type of scanning 
probe microscope, with demonstrated resolution of fractions of a nanometer, more than 
several thousand times, better than the optical diffraction limit. The AFM is one of the 
foremost tools for imaging, measuring and manipulating matter at the nanoscale. The 
information is gathered by "feeling" the surface with a mechanical probe. Piezoelectric 
elements that facilitate tiny but accurate and precise movements on (electronic) command 
enable very precise scanning. 
The AFM consists of a microscale cantilever with a sharp tip (probe) at its end 
which is used to scan the specimen surface (fig. 2.12). The cantilever is typically silicon 
or silicon nitride with a tip radius of curvature of the order of nanometers. When the tip is 
brought into proximity of a sample surface, forces between the tip and the sample lead to 
a deflection of the cantilever according to Hooke's law. Depending on the situation, 
forces which are measured in AFM include mechanical contact force, van der waals 
forces, capillary forces, chemical bonding, electrostatic forces, magnetic forces, etc. As 
well as force, additional quantities may simultaneously be measured through the use of 
specialized types of probe. Typically, the deflection is measured using a laser spot 
reflected from the top surface of the cantilever into an array of photodiodes. 
If the tip was scanned at a constant height, a risk would exist that, the tip collides 
with the surface, causing damage. Hence, in most cases a feedback mechanism is 
employed to adjust the tip to sample distance to maintain a constant force between the tip 
and the sample. Traditionally, the sample is mounted on a piezoelectric tube, which can 
move the sample in the Z direction for maintaining a constant force, and the X and Y 
directions for scanning the sample. Alternatively a 'tripod' configuration of three piezo 
crystals may be employed, with each responsible for scanning in the X, Y and Z 
directions. This eliminates some of the distortion effects seen with a tube scanner. AFM 
can be operated in a number of modes, depending upon the application. In general, 
possible imaging modes are divided into static modes (also called contact modes), which 
can be used for Lateral Force Microscopy (LFM) measurements, and a variety of 
dynamic modes (or non-contact modes) where the cantilever is vibrated. 
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2.6 Transport and Magnetotransport Measurements 
2.6.1 Resistivity and Magnetoresistance (MR) Measurements 
Electrical resistivity is a measure of how strongly a material opposes the flow of 
electric current. A low resistivity indicates that, a material which readily allows the 
movement of electrical charge. Electrical resistivity ρ is defined by, ρ = E / J, where ρ is 
the static resistivity, E is the magnitude of the electric field and J is the magnitude of the 
current density. The electrical resistivity ρ can also be given by, ρ = R (A / l), where ρ is 
the static resistivity, R is the electrical resistance of a uniform specimen of the material, l 
is the length of the piece of material and A is the cross-sectional area of the specimen. 
 
Fig. 2.13 Left:   Four point probe measurement technique 
Middle: Probe near the edge of the sample, all current has to go 
through the left half plane 
Right:  Front view of the four point probe contact on the sample 
 
The four point electrical probe is a very versatile device used widely in physics 
for the investigation of electrical phenomena [2]. In its useful form, the four probes are 
collinear. The error due to contact resistance, which is significant in the electrical 
measurement, is avoided by the use of two extra contacts (voltage probes) between the 
current contacts. In this arrangement, the contact resistance may be high as compared to 
the sample resistance, but as long as the resistance of the sample and contact resistance 
are small compared with the effective resistance of the voltage measuring device 
II - 20 
 
Experimental Techniques for Materials Characterization 
 
(potentiometer, electrometer or electronic voltmeter), the measured value will remain 
unaffected. Because of pressure contacts, the arrangement is also especially useful for 
quick measurement on different samples or different parts of the sample. 
 
Fig. 2.14 Left: Photographic view of the PPMS (Quantum Design) 
Right: Inside view of PPMS with magnet, HTSC magnet leads, PPMS 
probes and reservoirs 
 
The classic arrangement is to have four needle-like electrodes in a linear 
arrangement with a current injected into the material via the outer two electrodes. The 
resultant electric potential distribution is measured via the two inner electrodes as shown 
in fig. 2.13 (left). By using separate electrodes for the current injection and for the 
determination of the electric potential, the contact resistance between the metal electrodes 
and the material will not show up in the measured results [3, 4]. Because the contact 
resistance can be large and can strongly depend on the condition and materials of the 
electrodes [5], it is easier to interpret the data measured by the four point probe technique 
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than results gathered by two point probe techniques. Fig. 2.13 (middle) illustrates the 
effect of the position of the electrodes with respect to the boundaries of the sample. By 
placing the electrodes at the edge rather than in the middle of the sample, the measured 
voltage over the inner electrodes will be two times larger because all current has to take 
the right-half plane while fig. 2.13 (right) shows the front view of four probe. 
The magnetoresistance (MR) of conventional materials enables changes in 
resistance of up to 5%, but materials featuring CMR may demonstrate resistance changes 
by orders of magnitude. The resistivity of the material in the presence and absence of 
applied magnetic field as well as resistivity isotherms at different temperatures can be 
measured to observe the MR properties of the material using the physical property 
measurement system (PPMS) (Quantum Design). Fig. 2.14 (left) shows the photographic 
view of the PPMS (Quantum Design) and fig. 2.14 (right) illustrates the inside view of 
PPMS with magnet, HTSC magnet leads, PPMS probes and reservoirs arranged in PPMS 
(Quantum Design). PPMS is a cryogenic platform used to carry out temperature and 
magnetic field dependent physical measurements. Transport measurements, such as 
resistivity, Hall effect, Seebeck effect, MR, capacitance and magnetocapacitance, 
pyroelectric and ferroelectric measurements etc can be performed. By means of a sample 
rotator, it is possible to easily measure anisotropic properties of single crystal samples. 
Heat capacity, d.c. resistivity, a.c. transport, magnetotransport properties, thermal 
conductivity, thermoelectric power measurements, etc can be carried out under the 
application of large magnetic fields. 
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3.1 Introduction 
The relatively low ferromagnetic to paramagnetic transition temperature (TC) or 
metal to insulator transition temperature (TP) and a large applied magnetic field essential 
for appreciably large magnetoresistance (MR) exhibited by most of the doped rare earth 
manganites is a major bottleneck in their practical applications [1 - 3]. Thus, it is 
preferable to synthesize manganites which exhibit higher TC or TP preferably close to or 
higher than room temperature (RT) with large MR under low applied fields. It is reported 
that, the intrinsic electronic inhomogeneities in the form of coexisting competing phases, 
govern the MR behavior of the mixed valent manganites [4]. Two types of colossal 
magnetoresistance (CMR) effects have been observed in the manganite systems: Intrinsic 
and Extrinsic. The cause for an intrinsic effect, exhibited near TC or TP under relatively 
high applied magnetic field (> 1T), can be explained by Zener Double Exchange (ZDE) 
mechanism. The Extrinsic MR, exhibited at the temperature T < TP or TC under relatively 
low applied field (≤ 1T) can be attributed to the natural and/or artificial grain boundaries 
(GBs) [5] and is observed in granular ceramics and thin films [6]. The observation of 
relatively high MR in granular manganites (both, in bulk and thin film forms) under 
relatively low applied field has been attributed to the spin polarized tunneling (SPT) 
between the grains or spin dependent scattering (SDS) at the GBs and hence is also 
termed as intergranular MR (IMR) [7, 8]. Although, the CMR near TC is a fundamental 
intrinsic property of manganites, external factors (such as GBs in polycrystalline 
samples) considerably alter this behavior. The complexities may be generated in the 
manganites which exhibit both intrinsic and extrinsic CMR properties at the same time. It 
is observed that, with decrease in sintering temperature (TS) and/or sintering time, the 
grain size or the particle size decreases and hence the surface Gibbs free energy as well as 
the surface to volume ratio (D-1) increases (D-1 can be geometrically calculated) which 
affects the CMR behavior [9]. 
In this chapter, sintering temperature (TS) dependent modifications in the 
structure and grain morphology in the nanostructured polycrystalline La0.7Pb0.3MnO3 
(LPMO) manganites have been discussed in detail. The main aim to select LPMO 
manganite: it is established that, the divalent doped perovskite manganese oxides show 
III - 2 
 
Studies on Sol - Gel Grown La0.7Pb0.3MnO3 (LPMO) Manganites  
 
the multiplicity of crystallographic, electric and magnetic phases [10, 11]. The physical 
properties of the rare earth manganites are fundamentally controlled by an average A-site 
cationic radius <rA> and hence by the Goldschmidt’s tolerance factor defined as t = (rA + 
rO)/[√2 (rB + rO)] [12]. It is known that, the variation in A-site size disorder; σA
2 = Σyiri
2 - 
<rA>, where yi is the fractional occupancies of the A-site group and <rA> is the mean 
value of ionic radii ri, results in the modifications in various properties of manganites. In 
the presently studied LPMO manganite, <rA> ~ 1.2562 Å and σA
2 ~ 0.00377 Å2 whereas t 
~ 0.9321. The smaller trivalent ion La3+ (for 12-fold oxygen co-ordinations the ionic 
radius: 1.216 Å) has been replaced with the larger divalent ion Pb2+ (ionic radius: 1.35 Å) 
which enhances the Mn-O-Mn bond angle close to 180o and increases the eg bandwidth 
resulting in the increases in motion of eg electrons from Mn
+3 to Mn+4 to Mn+3 via O-2 
which results the enhancement of the transition temperatures. It is reported that, 
nanostructured manganites are useful due to their low field applications [13]. Owing to 
the high magnetic ordering temperature around RT in LPMO manganites [14], it has been 
richly studied in the form of thin films [15, 16], single crystals [17], polycrystalline bulk 
[14, 18]. Large CMR effect observed at RT in LPMO compounds is interesting on the 
basis of fundamental physics as well as application point of view [14]. 
Structural, microstructural, electrical transport, magnetotransport and magnetic 
properties of manganites are highly dependent on the grain size, number of GBs, 
thickness of GBs, grain morphology, sintering time, sintering temperature etc. TS is the 
prime and prominent tool to modify the grain structure and grain morphology which in 
turn modify the electrical transport and magnetotransport properties in the compounds 
[9]. Keeping in mind these aspects of studies on manganites, the detailed investigations 
on the transport and magnetotransport properties of LPMO manganites synthesized by 
novel Sol-Gel route have been carried out and results are given in this chapter. 
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3.2 Synthesis and Experimental Details 
Nanostructured polycrystalline La0.7Pb0.3MnO3 (LPMO) manganites samples were 
synthesized using acetate precursor based Sol - Gel route. The following steps were 
involved in the Sol - Gel technique used (fig. 3.1) 
 La(CH3CO2)3 × X H2O (Lanthanum Acetate), Mn(CH3CO2)2 × 4 H2O 
(Manganese Acetate) and PbCO3 (Lead Carbonate) were taken as starting 
materials in stoichiometric ratio 
 All the three components were dissolved into Acetic Acid and Double 
Distilled Water having 1:1 volume ratio with continuous stirring to form 0.4M 
solution of precursors 
 The precursor solution was then dehydrated at 90oC to achieve a Sol state of 
the nanostructured materials as shown in fig. 3.2 
 Further heat treatment at slightly higher temperature ~ 150oC resulted into the 
Gel form through the gelation process 
 The Gel was dried to obtain the light brown powder of materials 
 Further, the light brown powder was heated at 750oC for 24 hours to obtain 
the well calcined black powder of LPMO manganite 
 Finally the powder was pressed into pellet under 3 tons for 5 minutes using 
the hydraulic press 
 Final product in the form of pellets were sintered at different sintering 
temperatures (TS) ranging between 950 to 1150oC for 24 hours 
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Fig. 3.1 Flow diagram of the steps involved in Sol - Gel technique used for 
synthesis of La0.7Pb0.3MnO3 (LPMO) manganite 
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Fig. 3.2 Photograph of the SOL-state of the nanostructured LPMO taken during the 
synthesis process 
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The nanostructured polycrystalline LPMO manganites hereafter referred as P950, 
P1000, P1050, P1100 and P1150 sintered at 950, 1000, 1050, 1100 and 1150oC, 
respectively, were characterized by X-ray Diffraction (XRD) at RT using Cu - Kα 
radiation to understand the structural phases present in the samples. The Rietveld analysis 
of the diffraction data was performed using the FULLPROF program [19]. The effect of 
the TS on the modifications in the grain size, grain growth and grain morphology was 
studied using Scanning Electron Microscopy (SEM), Atomic Force Microscopy (AFM) 
and Lateral Force Microscopy (LFM) measurements at RT. To study the electrical 
transport and magnetotransport properties of these nanostructured polycrystalline LPMO 
manganites, a standard d.c. four - probe method was used to measure the resistance and 
magnetoresistance in the temperature range of 2 - 380K under 0 - 9 Tesla applied 
magnetic fields (PPMS, Quantum Design). 
 
3.3 Structural Studies 
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Fig. 3.3 XRD patterns of LPMO samples sintered at different temperatures 
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Fig. 3.4 Rietveld fitted XRD pattern of LPMO sintered at 950oC 
   [Inset: An enlarged view of most intense Rietveld refined peak] 
Table 3.1 Values of FWHM, particle size (PS), unit cell parameters and cell volume 
for LPMO samples 
TS (oC) FWHM PS (nm) a (nm) b (nm) c (nm) V (nm3) 
950 0.5239 15.46 0.5512 (17) 0.5512 (17) 1.3396 (20) 0.3524 
1000 0.3614 22.89 0.5534 (19) 0.5534 (19) 1.3395 (21) 0.3553 
1050 0.4097 20.01 0.5537 (16) 0.5537 (16) 1.3394 (17) 0.3556 
1100 0.5295 15.29 0.5543 (14) 0.5543 (14) 1.3389 (15) 0.3560 
1150 0.5436 14.88 0.5548 (11) 0.5548 (11) 1.3386 (14) 0.3562 
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Table 3.2   Values of Rietveld refined lattice parameters, unit cell volume V, χ2, R - 
factors, Mn - O bond distances and Mn-O-Mn bond angles for P950 
a (nm)  0.5512 (17) 
b (nm)  0.5512 (17) 
c (nm)  1.3396 (20) 
V (nm3)  0.3524 
χ
2  1.536 
RP (%)  6.71 
RWP (%)  14.8 
REXP (%)  11.9 
Bragg R - Factor  2.28 
Rf - Factor  2.29 
Mn - O 
Distances (Å) 
Mn - O1 1.961 (3) 
Mn - O2 1.945 (4) 
Mn - O - Mn 
Bond Angles (o) 
Mn - O1 - Mn 164.884 (5) 
Mn - O2 - Mn 177.959 (5) 
950 1000 1050 1100 1150
0.5520
0.5535
0.5550
1.3386
1.3392
1.3398
950 1000 1050 1100 1150
0.352
0.353
0.354
0.355
0.356
0.35
0.40
0.45
0.50
0.55
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Fig. 3.5   (a) Dependence of lattice parameters on sintering temperature (TS) 
    (b) Dependence of unit cell volume on sintering temperature (TS) 
 Inset: Variation in FWHM with sintering temperature (TS) 
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Sintering temperature is one of the key factors which influence the structural and 
microstructural properties of manganites. Fig. 3.3 shows the XRD raw data collected at 
RT for all the polycrystalline LPMO samples sintered at different temperatures. It can be 
seen that, all the samples possess single phasic crystalline nature. It is generally observed 
in the Sol - Gel grown nanostructured manganites that, with increase in TS, Full Width at 
Half Maximum (FWHM) decreases and hence an average particle size (PS) of the sample 
increases [13]. PS can be obtained by the X-ray line width using Scherrer’s formula, PS ≅ 
k λ / β cosθ, where k = 0.89 is the shape factor, λ is the wave length of X-rays used, β is 
the actual FWHM due to CS only, which has been evaluated by taking into account the 
instrumental as well as the microstrain broadening and θ is the angle of diffraction [20]. 
A non-systematic variation in FWHM and hence in PS as a function of TS in the LPMO 
samples has been observed (Table 3.1). XRD raw data for all the LPMO samples fitted to 
the rhombohedral unit cell structure crystallizes in R-3C space group (No. 167). Fig. 3.4 
shows the typical Rietveld fitted pattern of P950 sample. The line shape of the diffraction 
peaks was generated by a modified Lorentzian function. The inset of fig. 3.4 shows the 
most intense Rietveld refined peak depicting the fine and clear matching between the 
observed and calculated data. The values of refined unit cell parameters, cell volume, R-
factors, Mn-O-Mn bond angles, Mn-O bond distances and χ2 for P950 sample are given 
in Table 3.2. The lower value of χ2 indicating a good agreement between observed and 
calculated patterns. Fig. 3.5 shows the variation in lattice parameters and unit cell volume 
with TS. It is clear from the plots that, the lattice parameters a and b increases while 
parameter c decreases with TS resulting in the overall increase in unit cell volume, V, 
with TS due to the expansion of structural unit cell. Inset of fig. 3.5 depicts the variation 
in FWHM (and hence PS) with TS clearly showing that, with increase in TS from 950 to 
1000oC, FWHM decreases while above 1000oC, FWHM increases resulting in decrease 
in PS [Table 3.1]. 
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3.4 Microstructural Studies 
 Fig. 3.6 depicts the representative images elucidating the surface morphology of 
the P950 to P1150 samples obtained using Scanning Electron Microscopy (SEM) in 
secondary electron imaging mode [Top, fig. 3.6], Atomic Force Microscopy (AFM) 
[Middle, fig. 3.6] and corresponding Lateral Force Microscopy (LFM) [Bottom, fig. 3.6] 
collected at RT. 
 
Fig. 3.6 Top:  SEM images of LPMO samples 
 Middle: AFM images of LPMO samples 
Bottom: LFM images of LPMO samples 
 
Typical SEM photographs of all the five LPMO samples sintered at different TS 
are shown in fig 3.6 (top). It can be seen that, each sample possesses fine and clear grain 
boundaries (GBs) with a small neck between two adjacent grains observed in P950 and 
P1000 samples. This feature is absent in P1050, P1100 and P1150 samples due to the 
high TS effect. The values of average grain size (D) observed from the SEM photographs 
are tabulated in Table 3.3. With increase in TS from 950 to 1150
oC, the average grain size 
200nm 300nm 200nm 200nm 200nm
300nm 200nm 200nm200nm200nm
0.5µm 1.0µm 2.0µm 1.0µm 1.0µm 
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increases due to the aggregation of the grains [18] and GBs become well developed. The 
grain grows in order to decrease the interfacial Gibbs free energy and hence the D-1 
decreases as the grain size increases or the larger grains are formed. Thus, with increase 
in TS, the grain size increases, the GBs turn out to be more obvious and the necks 
between the grains fade away. 
In order to study the surface morphology and observe the grain growth in the 
LPMO samples, the AFM photographs [fig. 3.6 (middle)] and the corresponding 
qualitative LFM images [fig. 3.6 (bottom)] were taken. The grain size increases from ~ 
250nm to ~ 900nm with increase in TS due to grain aggregation at higher sintering 
temperatures. In the sample sintered at 1000oC, the secondary grain [S] growth starts over 
the primary [P] grains and in P1100 and P1150 samples, only secondary grain 
morphology is clearly observed. The values of primary and secondary grain sizes (D) 
observed in all the samples are tabulated in Table 3.3. Sample P1150 possesses 
rectangular shaped secondary grains with an average grain size of ~ 50nm × 90nm. It can 
be observed that, there is a similarity observed between the grain sizes obtained from 
SEM and AFM/LFM. 
Table 3.3 Values of Grain size (GS) from SEM and AFM/corresponding LFM, 
Surface to volume ratio (D-1) and rms surface roughness for LPMO 
samples 
TS 
(oC) 
Average Grain Size (nm) (D) Surface to 
Volume 
Ratio 
(D-1) (nm-1) 
Surface 
Roughness 
(nm) 
SEM AFM/LFM (nm) 
(µm) Primary Secondary 
950 0.25 250 N.A. 0.004 105 
1000 0.50 400 200 0.005 86 
1050 1.00 900 150 0.00667 56 
1100 1.30 Not Shown 130 0.00769 48 
1150 1.90 Not Shown 90 0.01111 12 
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In P1000 sample, the secondary grains have unclear GBs with the grain size of ~ 
200nm which has been clearly reflected in the corresponding LFM image. In sample 
P1050, this secondary grain growth becomes more prominent having sharp GBs with an 
average grain size of ~ 150nm. The secondary grains are isolated and appear as the ring 
like steps over the primary one as clearly shown in the corresponding LFM image. P1100 
sample possesses only the secondary grains having compact arrangement with an average 
size of ~ 130nm. In this sample, GBs are sharper and the grain growth is more obvious. 
With further increase in TS, the secondary grain size becomes smaller with more sharp 
GBs and more compact array of the grains. P1150 sample possesses well arranged and 
developed grains having most compact grains, very sharp GBs and the average 
rectangular grains having average grain size ~ 50nm × 90nm distributed evenly in the 
sample. It is observed that, the secondary GBs become more sharpen and the grain 
boundary (GB) thickness is reduced with the suppression in GB distortion as a function 
of increasing TS. It is also found that, the surface roughness decreases with increase in 
TS which may be correlated with the decreased thickness of the secondary GBs and 
enhanced GB sharpness with TS. Furthermore, as stated earlier, the irregular variation in 
FWHM and hence in PS with TS has been observed which may be attributed to the 
secondary grain growth. However, it is observed that, there is a difference between the 
PS and the grain size at all the TS. This difference is due to the fact that, grains are 
composed of several crystallites, probably due to the internal stress or defects in the 
structure [21]. The secondary grain growth is also observed from the SEM micrographs 
as shown in the SEM images of the samples P1100 and P1150. 
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3.5 Transport Properties 
Fig. 3.7 shows the temperature dependence of resistivity of all the LPMO samples 
in the absence of applied field. All the samples show insulator - metal (I-M) transition 
(TP) above RT. The resistivity decreases in P1000 sample and becomes maximum in 
P1050 sample. A further sintering of the sample at 1150oC results in the suppression of 
resistivity and variation in TP. All the LPMO samples studied exhibit hump like behavior 
in their resistivity plots at temperatures TP (where the resistivity peak, ρpeak, is observed) 
and Thump (where a broad hump in resistivity, ρhump, is observed). Similar behavior has 
been reported earlier [18, 22]. Fig. 3.8 shows the ρ - T plots for all the LPMO samples 
sintered at different temperatures under 0, 1, 5 and 9T fields. Table 3.4 lists the values of 
TP, Thump, ρPeak, ρhump and ∆ρ (difference between ρpeak and ρhump) under zero applied 
field. 
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Fig. 3.7 ρ vs. T plots of LPMO samples under zero applied field 
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Fig. 3.8 ρ vs. T plots of LPMO samples under H = 0, 1, 5 and 9T fields 
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As shown in fig. 3.8, below RT, all the LPMO manganites exhibit metallic 
behavior (dρ/dT > 0) and metal-insulator (dρ/dT < 0) transition (TP). It is reported that, 
with decrease in TS, the grain size decreases and the resistivity increases which can be 
attributed to the potential barrier between the particles or grains [9, 13]. To understand 
the variation in ρ2K, ρRT, ρP and TP as a function of D
-1, we have shown in fig. 3.9, the 
dependence of resistivities at different temperatures on D-1 and TP vs D
-1. With the 
increase in the TS from 950 to 1000oC, the grain size (primary [P]) increases from 250 to 
400nm, leading to the decrease in scattering of the carriers by the reduced number of GBs 
and hence suppression in resistivity. As the grain size increases from 250 to 400nm, the 
GB sharpness increases while the number of GBs decreases resulting in the suppression 
of magnetic disorder at the GBs due to the decrease in number of Mn - O dangling bonds 
at the GBs [23]. In P1050 sample, the secondary [S] grain growth is in the form of 
isolated structure which affects the transport due to the increased number of secondary 
GBs. This is reflected in the enhancement in ρP (as well as 2K and RT resistivities) and 
lowering of TP (~ 326K) [Table 3.4]. The secondary grain size decreases from 150 to 
90nm with the increase in TS from 1050 to 1150oC, having its effect on the transport (ρP) 
and TP which can be attributed to the reduction in non magnetic phase due to the increase 
in well developed secondary GBs. This effect can be understood as below: The reduction 
in secondary grain size (150 to 90nm) with TS results in the increase in secondary GBs 
having well developed and sharp features. The width of the GBs affect the transport in 
manganites [9] so that the growth of sharp secondary GBs [fig. 3.6 (middle & bottom)] 
reduces the Mn - O dangling bonds resulting in the suppression of non magnetic phase 
which in turn supports ZDE mechanism which enhances TP. 
It is observed in fig. 3.8 that, an application of magnetic field can reduce the 
resistivity and enhance the TP and hence exhibiting the negative MR behavior. There 
exists a hump like characteristic in ρ vs. T plots for each nanostructured LPMO 
manganite sample which is other than (below) the metal - insulator transition. This hump 
like characteristic has been reported earlier, though no one has spread the light on the 
occurrence of this double transition like behavior mostly observed in polycrystalline 
La0.7Pb0.3MnO3 manganites [23 - 25]. This double transition like behavior is not observed 
in single crystalline or thin films of La0.7Pb0.3MnO3 manganites [17, 23]. 
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Table 3.4 Values of transport parameters viz. resistivity at 2K (ρ0, residual), at peak 
(ρP) & at RT (ρRT), transition temperature (TP), resistivity at hump (ρh) 
and difference between peak and hump resistivities (ρP - ρh) for LPMO 
samples 
TS (oC) 
ρ2K 
(mΩcm) 
ρP 
(mΩcm) 
ρRT 
(mΩcm) 
TP 
(K) 
ρhump 
(mΩcm) 
ρP - ρhump 
(mΩcm) 
950 16.60 44.37 42.45 348 42.47 1.90 
1000 3.34 13.86 11.28 350 11.21 2.65 
1050 18.44 51.08 49.66 326 50.05 1.03 
1100 14.69 44.31 42.91 329 42.89 1.42 
1150 9.56 36.43 32.76 333 32.45 3.98 
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Fig. 3.9 (a) ρ0 vs. D
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-1 (d) TP vs. D
-1 plots of LPMO 
samples [P stands for primary and S stands for secondary grain size] 
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Fig. 3.10 shows the variation in (a) ρhump and (b) ∆ρ (defined as ρpeak - ρhump) as a 
function of surface to volume ratio (D-1) (nm-1) for all the LPMO samples studied. It is 
clearly seen from the fig. 3.10 (b) that, ∆ρ which signifies the resistivity difference 
between the broad hump and peak resistivity of the sample, increases in P1000 sample 
indicating that the hump in resistivity is prominent in P950 sample. As the secondary 
grain growth starts in P1000 sample, the ∆ρ value decreases suggesting an improvement 
in resistivity hump in P1050 sample. The reduction in secondary grain size results in 
more compact microstructure in the samples sintered at 1100 and 1150oC due to which 
the resistivity hump is suppressed which is reflected in an increase in ∆ρ with increasing 
D-1. 
These observations suggest that, the hump like behavior exhibited by LPMO 
samples has its origin in the grain growth and morphology which is directly related to the 
compactness in grain structure, thickness and sharpness of GBs. It can be also confirmed 
from the fact that, on application of field the hump like transition flattens as shown in fig. 
3.8 which can be attributed to the field induced modifications in the GBs and Mn-O-Mn 
bond angles at the GBs and hence modifications in the grain morphology. 
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3.6 Magnetotransport Properties 
 The temperature dependence of MR [MR% = {(ρ0 - ρH)/ ρ0} × 100] 
observed for all the LPMO samples studied, in the temperature range 2 - 380K, is shown 
in fig. 3.11 (a). All the samples exhibit the intrinsic MR around TP arising due to ZDE 
mechanism and the extrinsic MR at low temperatures due to the spin dependent scattering 
of the charge carriers [8] [Table 3.5]. For achieving an appreciably large intrinsic MR (> 
1T), the required fields are larger than that for the extrinsic MR (≤ 1T).  
It can be observed that P1000 sample exhibits large MR value which is higher at 
all applied magnetic fields in comparison with other samples. This aspect is advantageous 
for the potential applications like low field applications at RT or higher temperatures. The 
disappearance of the MR at higher temperature regime (in insulating state) can be 
attributed to the weakening of the ZDE mechanism because of the paramagnetic (PM) 
state. 
It can be seen from Table 3.5 that, the low and high field MR at 2K varies 
marginally with sintering temperature and maximum MR ~ 30% and 45% is exhibited by 
P1000 sample under 1 and 9T fields, respectively. At RT and high temperature (380K), 
P1000 sample exhibits reasonably large low field MR (~ 17% and 14%, respectively) 
under 1T field while other samples exhibit negligible MR. All the samples show large 
peak MR ranging between 33 to 47% under 9T field. 
Fig. 3.11 (b) shows the MR vs. T plots of all the LPMO samples recorded at 1, 5 
and 9T fields in the temperature range 100 - 325K. As seen from the figure, the variation 
in MR with temperature is marginal, suggesting that magnetic field has a similar effect on 
the hopping of itinerant eg electrons responsible for the transport in LPMO manganites 
through secondary GBs in the temperature range 100-325K. In P950 sample, the effect of 
magnetic field is slightly more pronounced due to the absence of secondary grain growth 
in the sample. 
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Fig. 3.11  (a) MR vs. T plots of LPMO samples 
(b) MR vs. T plots (temperature range: 100 - 325K) of LPMO samples 
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Table 3.5 Values of MR% at 2K, RT, peak and 380K for LPMO samples 
TS (oC) 
MR% 
2K RT Peak 380K 
H (T) 1T 9T 1T 9T 1T 9T 1T 9T 
950 28 44 01 29 03 33 01 22 
1000 30 45 17 39 24 47 14 40 
1050 22 42 02 33 07 36 01 19 
1100 22 42 02 34 08 37 03 21 
1150 23 43 04 36 08 39 03 25 
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Fig. 3.12  (a) Variation in LFMR and HFMR with D-1 at 2K for LPMO samples 
     (b) Plots of HFMR vs. D-1 at ρP and ρRT for LPMO samples 
 
Fig. 3.12 (a) shows the dependence of low and high field extrinsic MR while fig. 
3.12 (b) shows the high field intrinsic MR (at peak and RT) dependence on the D-1 for all 
the LPMO samples studied. It can be seen that, the effect of primary grains is more 
pronounced on the transport and magnetotransport up to 1000oC, above which the 
secondary grain effect is more pronounced. Further, the secondary grains play an 
important role in the transport and magnetotransport behavior which is reflected in the 
increase in extrinsic and intrinsic MR at TS above 1050oC. 
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3.7 Low Temperature Transport 
An unusual observation in ρ - T behavior of few reported manganites is the 
occurrence of resistivity up-turn (minima) at low temperature. Many experiments and 
theories provide evidence for the existence of the resistivity minimum at low temperature 
in manganites, no matter the samples are polycrystalline, thin films or single crystals [26 
- 29]. During the course of present work, all the five LPMO manganites studied exhibit 
two electronic transitions in the resistive and magnetoresistive behavior. First one is 
generally observed near the maximum MR, at TP, is known as the insulator to metal (I - 
M) transition and second is the metal to insulator (M - I) transition with lowering the 
temperature at temperature < 50K known as the Tmin below which the resistivity increases 
with lowering the temperature. At low temperature, the resistivity minimum was first 
observed in crystalline noble - metal alloys with magnetic impurity [30]. Later, minima 
have been found at comparatively higher temperatures [31]. The cause for the occurrence 
of such a ρ - T minima has been explained in terms of weak localization and electron - 
electron interactions [32]. In recent years, this characteristic shallow minimum in the 
resistivity was found to occur in various polycrystalline doped manganites [33 - 36]. ρ - T 
minima studies have been observed in LaPbMnO3 manganites [37, 38] but the detailed 
understanding of this phenomenon in Pb-doped manganites is still lacking. 
Fig. 3.13 (a) shows the ρ - T plots (magnified part of the low temperature 
resistivity in the range 2 - 60K under 0, 1, 5 and 9T fields) of all the LPMO samples 
sintered at various temperatures, showing a resistivity up-turn phenomenon at or around 
30K. It can be clearly seen that, distinct resistivity minima appear below 30K and shows 
a strong dependence on the applied magnetic fields. It is worth noting that, the resistivity 
upturn below Tmin is gradually suppressed at low fields but almost achieves saturation 
when the applied magnetic field is larger than 1T [fig. 3.13 (b)]. Tmin moves 
monotonously toward lower temperature with the increase in applied field as shown in 
fig. 3.13 (b). 
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Fig. 3.13 (a) Magnified low temperature ρ - T plots in the range 2 - 60K under 0, 1, 
5 and 9T fields and (b) Variation in Tmin with H for LPMO samples 
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The depth in the ρ - T plot is the representation of the degree of the upturn at low 
temperature. It can be seen that, the degree of up-turn becomes less with increase in field 
up to 1T after which it almost achieves saturation for higher magnetic fields ≥ 1T. The 
Tmin and upturn, both indicate that, the low-temperature resistivity is sensitive to 
magnetic field when it is < 1T but almost independent to field when it is ≥ 1T. Therefore, 
it is believed that, the resistivity minimum partly originates from spin dependent 
scattering which is suppressed by the external applied magnetic field. 
It is reported that, the possible causes for the occurrence of resistivity minima in 
manganites are electron - electron (e-e) interactions, GB effect, kondo effect, etc. During 
the course of present work, a detailed understanding to know the reason behind the 
occurrence of minima in ρ - T behavior of LPMO manganites has been carried out by 
fitting the experimental observed data at low temperature using the theoretical models 
available. Although, we have reported in this chapter that, the transport and 
magnetotransport in LPMO manganites is dependent on grain morphology and grain 
growth, we are unable to fit the low temperature ρ - T data, of the samples studied, to the 
grain boundary localization (GB effect) which is a prominent phenomenon in 
polycrystalline Pb-doped LaMnO3 manganites [37]. It is reported that, kondo effect is 
prominent at low temperatures in manganites and also e-e scattering is responsible for 
low temperature resistivity minima in manganites [39]. 
Hence, keeping in mind, the earlier reported results and the possibilities of fitting 
the observed low temperature ρ - T data to both, e-e interaction and kondo effect, we give 
below the observations which prompted us to select the combined effect of e-e interaction 
and kondo phenomenon as the possible reasons for ρ - T minima behavior in LPMO 
manganites: (i) the values of ρ0 under 0T for P950, P1050 and P1100 samples are greater 
than Mott’s maximum metallic resistivity (~ 10mΩcm), (ii) application of external field 
(> 1T) can not dissolve the ρ - T minima, (iii) due to disordered nature of LPMO, the 
coulombic interaction is present resulting in e-e scattering at low temperatures (iv) under 
applied field of ≥ 1T, the ρ - T minimum flattens and (v) minimum is sensitive to the 
field < 1T. 
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Fig. 3.14 (a) shows the ρ - T minima curves fitted to e-e interaction at low 
temperature, in the range 2 - 60K. The e-e scattering from static inhomogeneities in 3-D 
disordered system arises from enhanced coulombic interactions present in disordered 
metallic system. The source of disorder may be defects or temperature dependent 
scattering. It can be seen from fig. 3.14 (a) that, the solid lines (white in color) 
representing fitted data to the e-e interaction given by the expression, 
n
n
T
BT
T ρ
σ
ρ +
+
= 5.0)0(
1
)(   ============ (1) 
where σ (0) is the residual conductivity and constant B is the depth of the minimum. 
Mathematically resistivity ρ can be written as, 
inelasticelastic
ρρρ +=    ============ (2) 
The temperature dependent interplay between two terms of eq. (2) results into the 
resistivity minimum. 
Fig. 3.14 (b) depicts the low temperature resistivity fits below 60K fitted to eq. (3) 
given by; 
n
n
T
TB
T ρ
σ
ρ +
+
=
ln)0(
1
)(   ============ (3) 
where σ (0) is the residual conductivity, B lnT is the additional conductivity term due to 
the kondo effect. Second term in eq. (3) is power law term and is for the inelastic 
resistivity term which is found to decrease with decrease in temperature. Mostly, kondo 
effect is observed in the magnetic materials like ferromagnetism embedded into the non-
magnetic lattice. 
It can be seen, from fig. 3.14 (b) that, the solid lines (white in color) shows good 
fits to eq. (3). The values of various parameters obtained as a result of fitting eq. (1) using 
e-e interaction are given in Table 3.6 while the parameters obtained as a result of fitting 
eq. (3) using kondo mechanism are listed in Table 3.7. 
III - 25 
 
Studies on Sol - Gel Grown La0.7Pb0.3MnO3 (LPMO) Manganites  
 
10
12
14
16
2.0
2.5
3.0
3.5
12
14
16
18
10
12
14
16
0 10 20 30 40 50 60
6
7
8
9
10
10 20 30 40 50 60
6
7
8
9
10
10
12
14
16
12
14
16
18
2.0
2.5
3.0
3.5
10
12
14
16
P950
 
 
 
 
P1000  
 
 
 
P1050
 
 
 
 
P1100
 
 
 
 
ρ
 (
m
Ω
cm
)
P1150
 
 
 
 
T (K)T (K)
0T
1T
5T
9T
          e-e Interaction
           Experimental
           Theoretical
 
 
 
 
ρ (m
Ω
cm
)
P1150
 
 
 
 
P1100
 
 
 
 
P1050
 
 
 
 
P1000  
 
 
 
P950
 
 
 
 
(b)(a) 0T
1T
5T
9T
           Kondo Effect
           Experimental
           Theoretical
 
 
 
 
 
Fig. 3.14 Low temperature resistivity fits to (a) e-e interaction effect for LPMO 
samples, (b) kondo effect for LPMO samples 
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Table 3.6 Values of parameters derived from fitting of eq. (1) using e-e interaction 
mechanism for LPMO samples 
Sample 
(e-e 
interaction) 
H 
(T) 
Tmin 
(K) 
σ0 
(Ω-1cm-1) 
B 
(ΩcmK1/2)-1 
ρn 
(Ωcm/Kn) 
n χ2 
P950 
0 29 58.41409 0.97039 1.3182E-7 2.32592 9.2393E-10 
1 17 79.46095 1.09452 7.7127E-7 1.96227 2.1375E-10 
5 15 89.3844 1.20825 7.6177E-7 1.93392 5.7644E-11 
9 14 105.25836 1.54794 8.3371E-7 1.88091 5.1025E-11 
        
P1000 
0 26 285.23299 4.78359 1.6465E-7 2.0112 2.8553E-10 
1 14 406.79911 5.06938 1.5327E-7 1.97257 7.4912E-12 
5 13 454.89215 6.30449 1.7709E-7 1.91627 2.7518E-12 
9 12 489.85271 7.29104 1.896E-7 1.88628 3.4173E-12 
        
P1050 
0 27 52.35427 0.97949 3.117E-7 2.18864 1.498E-9 
1 16 65.30541 0.9918 1.2242E-6 1.92064 3.4772E-10 
5 14 76.88644 1.25089 1.4148E-6 1.85334 1.2437E-10 
9 14 92.66734 1.45937 1.1264E-6 1.7548 7.2152E-11 
        
P1100 
0 24 65.84327 1.1826 4.5264E-7 2.07144 1.1948E-9 
1 14 84.84706 1.06487 1.022E-6 1.90415 8.0005E-11 
5 13 98.48199 1.39313 9.9412E-7 1.87928 7.4291E-11 
9 13 113.02528 1.73751 1.1068E-6 1.82377 2.8691E-11 
        
P1150 
0 23 101.70198 1.56759 1.6054E-7 2.0046 4.4798E-10 
1 13 132.51513 1.75235 8.0892E-7 1.85906 9.3142E-11 
5 12 154.39196 2.20854 8.4375E-7 1.82442 3.8976E-11 
9 12 173.20025 2.93957 1.1682E-6 1.73078 5.1641E-11 
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Table 3.7 Values of parameters derived from fitting of eq. (3) using kondo effect for 
LPMO samples 
Sample 
(kondo 
effect) 
H 
(T) 
Tmin 
(K) 
σ0 
(Ω-1cm-1) 
B 
(ΩcmK1/2)-1 
ρn 
(Ωcm/Kn) 
n χ2 
P950 
0 29 58.39977 1.38893 3.1441E-8 2.6088 2.519E-9 
1 17 79.6926 1.38951 3.8133E-7 2.09636 5.5351E-10 
5 15 89.5989 1.546 3.8416E-7 2.06353 2.2801E-10 
9 14 105.56724 1.95052 4.0694E-7 2.016 1.8747E-10 
        
P1000 
0 26 286.79749 5.73683 4.8665E-8 2.24656 4.3065E-10 
1 14 407.92161 6.41072 8.3611E-8 2.08792 1.8836E-11 
5 13 456.15161 7.97988 9.3569E-8 2.03682 9.9345E-12 
9 12 491.38736 9.15331 9.701E-8 2.01259 1.0649E-11 
        
P1050 
0 27 52.425 1.35031 8.1199E-8 2.45174 3.7573E-9 
1 16 65.54066 1.44107 6.0746E-7 2.05356 9.2269E-10 
5 14 77.17743 1.55333 6.9436E-7 1.98714 4.4336E-10 
9 14 92.9775 1.82385 5.5228E-7 1.8887 2.5753E-10 
        
P1100 
0 24 66.07372 1.54706 1.365E-7 2.30374 2.3879E-9 
1 14 85.07818 1.63436 5.7615E-7 2.01219 2.4265E-10 
5 13 98.76554 1.75012 5.3477E-7 1.99587 1.8397E-10 
9 13 113.42787 2.14413 5.7119E-7 1.94745 1.0972E-10 
        
P1150 
0 23 101.89631 2.12342 5.4727E-8 2.21496 8.6383E-10 
1 13 132.99795 2.13616 4.4484E-7 1.97135 1.91E-10 
5 12 154.95134 2.70007 4.6412E-7 1.93608 8.9451E-11 
9 12 174.10357 3.46965 5.9959E-7 1.85412 1.0106E-10 
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It can be seen from Tables 3.6 and 3.7 that, Tmin shifts toward lower temperature 
with applied field in all the samples studied indicating the field induced suppression of 
elastic scattering and disorder effects. Parameters B which signifies the depth of the 
minima increases with the field. Lower values of χ2 indicate a goodness of fits. 
It is clear that, e-e interaction is not sensitive and Tmin is saturated under the field 
≥ 1T. In addition to the e-e interaction, there should exist another mechanism which can 
be rapidly suppressed by low field < 1T. It is therefore useful to consider a model which 
includes both the mechanisms, e-e scattering and kondo effect, simultaneously. For the 
lower fields, obviously the kondo effect is the reasonable phenomenon for the resistivity 
upturn. According to earlier studies, the kondo correlations are still present in 
ferromagnetic system, and in particular conditions, the strong-coupling limit of kondo 
effect can still be achieved [40, 41]. 
Now both the effects are combined in one equation given as below: 
n
nKe
TTTT ρρρρρ ++−= ln)( 2/10   ============ (4) 
n
nKe
TTTT ρρρρρ +−+= ln)( 2/10   ============ (5) 
where ρ0 is the residual resistivity, second (T
1/2 dependence) and third (ln T dependence) 
terms are the contributions from e-e interactions and kondo mechanism, respectively, 
while the forth term can be attributed to the electron - phonon interactions. ρ0 is the 
residual resistivity while ρe, ρK and ρn are the resistivity terms related to e-e interaction, 
kondo effect and high temperature electron - phonon coupling, respectively. 
The fittings of resistivity minima under zero field (< 1T) to the eq. (4) and under 
higher fields (≥ 1T) to the eq. (5) are shown in fig. 3.15. The fitting parameters are 
tabulated in Table 3.8 depicting nice fittings of model to the experimental data having 
low χ2 values. 
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Fig. 3.15 Fitting of low temperature resistivity data to eq. (4) under 0T field (< 1T)   
   and to eq. (5) under the fields ≥ 1T using combined effect of e-e  
   interaction and kondo effect for LPMO samples 
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Table 3.8 Values of parameters derived from the fittings of eq. (4) and eq. (5) using 
combined [e-e interaction and kondo effect] effect for LPMO samples 
Sample 
(combined 
effect) 
Eq. 
No. 
H 
(T) 
ρ0 
(Ωcm) 
ρe 
(Ωcm/K1/2) 
ρK 
(Ωcm/K) 
ρn 
(Ωcm/Kn) 
n χ2 
P950 
4 0 0.01701 0.00045 0.0003 2.3596E-7 2.22844 3.9055E-11 
5 1 0.01255 0.00031 0.00022 1.065E-6 1.91753 2.2599E-11 
5 5 0.01117 0.00023 0.00012 1.0944E-6 1.87233 6.1211E-12 
5 9 0.0095 0.00022 0.00011 1.3894E-6 1.79334 4.4284E-12 
         
P1000 
4 0 0.00341 0.00008 0.00006 4.8433E-9 2.85247 3.8754E-11 
5 1 0.00245 0.00006 0.00004 2.3597E-7 1.90088 3.2115E-13 
5 5 0.0022 0.00006 0.00004 3.3971E-7 1.79992 3.5253E-13 
5 9 0.00204 0.00005 0.00003 3.0367E-7 1.70714 2.7427E-13 
         
P1050 
4 0 0.01898 0.00065 0.0005 6.3783E-7 2.07713 2.7413E-10 
5 1 0.01531 0.00049 0.00036 2.4818E-6 1.79852 1.6686E-11 
5 5 0.01302 0.00041 0.00026 2.7875E-6 1.73573 3.8671E-12 
5 9 0.01081 0.00031 0.00018 2.3288E-6 1.72249 6.7923E-12 
         
P1100 
4 0 0.01505 0.00046 0.00037 2.7048E-7 2.22691 3.5497E-11 
5 1 0.01191 0.0004 0.00034 4.4765E-6 1.6244 1.0289E-11 
5 5 0.01029 0.0004 0.00026 5.132E-6 1.56313 4.1993E-12 
5 9 0.00893 0.00032 0.0002 3.6953E-6 1.49982 2.1198E-12 
         
P1150 
4 0 0.00987 0.00036 0.00026 2.2023E-6 2.8008 1.0506E-10 
5 1 0.00758 0.00026 0.0002 2.1778E-6 1.77948 1.4512E-11 
5 5 0.00649 0.00018 0.00011 1.5538E-6 1.71923 9.8482E-12 
5 9 0.00582 0.00012 0.00010 3.1647E-6 1.55414 2.9472E-12 
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Three theoretical models have been fitted to the ρ - T data at low temperature 
below 60K to understand the quantitative phenomena responsible for the resistivity 
minima behavior in LPMO samples studied: (i) e-e interaction which is dominant at 
higher applied magnetic fields ≥ 1T, (ii) kondo effect which plays an important role at 0T 
or < 1T and finally (iii) combined effect [eq. (4) and (5)] has been used to resolve the 
resistivity minima behavior at low temperature < 60K. To verify the better explanation 
for the resistivity minima for all the presently studied samples, we have plotted the 
deviation in ρ vs T at different applied fields as shown in fig. 3.16 and fig. 3.17. The 
deviation in resistivity has been calculated by (ρraw - ρfitted) plotted as a function of 
temperature for different samples under the different applied fields. It can be seen that, 
the resistivity fitting agrees to the combined effect more closely than individual e-e 
interaction or kondo effect. This can be seen from the small deviation values exhibited by 
combined model fittings in the temperature range 2 - 60K. Moreover, it is clear from the 
fig. 3.16 and fig. 3.17 that, at low temperature below Tmin (< 30K), only combined model 
is appropriately fitted to the resistivity minima data indicating the significance of the 
combined effect for understanding the resistivity minima in the presently studied LPMO 
samples. 
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Fig. 3.16 Deviation in resistivity (theoretical and experimental) under the fields of 
(a) 0T and (b) 9T for P950 sample 
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Fig. 3.17 Deviation in resistivity (theoretical and experimental) under the fields of 
(a) 0T and (b) 9T for P1050 sample 
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Conclusions 
To summarize, nanostructured La0.7Pb0.3MnO3 manganites sintered at various 
temperatures, have been successfully synthesized using modified Sol-Gel method. The 
effect of grain morphology and grain growth on transport and magnetotransport 
properties has been studied. Rietveld refinement of XRD data reveals the single phasic 
nature having rhombohedral unit cell structure crystallizes in R-3C space group (No. 
167). All the LPMO samples exhibit similar Mn-O bond lengths and Mn-O-Mn bond 
angles approaching 180o resulting in better transport in all the LPMO samples. 
Microstructural investigations using Scanning Electronic Microscopy (SEM), Atomic 
Force Microscopy (AFM) and Lateral Force Microscopy (LFM) measurements reveal the 
observation of secondary grain growth behavior starting in the sample sintered at 1000oC. 
Secondary grains start to decrease in size with improved grain boundary nature with 
increase in sintering temperature resulting in compact and well connected grain structure 
observed in the LPMO samples sintered at higher temperatures. It has been shown that, 
secondary grain growth contributes to the transport and magnetotransport throughout the 
temperature range studied. LPMO manganites exhibit transition temperature above RT 
and microstructure dependent intrinsic and extrinsic MR. At low temperatures, below 
30K, all the LPMO samples exhibit the resistivity minima which may be due to the large 
size disorder. The ρ - T minima has been fitted using e-e interaction as well as kondo 
effect and then after it is observed that, for low applied magnetic field < 1T, the minima 
follow the kondo effect while at higher applied filed ≥ 1T, the e-e interaction becomes 
dominant. The fitting of ρ - T data to the combined effect considering both the e-e 
interaction and kondo effect as the causes for ρ - T up-turn, shows that, both e-e 
interactions and kondo effect simultaneously exhibit smallest χ2 values and deviation in 
resistivity. These arguments show that, neither the e-e interaction model nor kondo effect 
alone can explain theoretically the experimentally observed ρ - T minima. 
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4.1 Introduction 
Perovskite manganites having general formula R2/3A1/3MnO3 (R = trivalent rare 
earth cation, La, Pr, Nd, etc, A = divalent cation such as Sr, Ba, Ca or Pb) exhibit large 
magnetoresistance (MR) associated with metal to insulator/semiconductor transition (TP) 
along with the ferromagnetic (FM) to paramagnetic (PM) transition (TC) depending upon 
an average A-site cationic radius [1, 2]. Studies on epitaxial thin films of 
La0.67Sr0.33MnO3 show that, the films exhibit large MR values (29% in as grown and 35% 
in annealed films) at room temperature (RT) under 5T field and hence the possibility of 
their device application in a wide variety of areas such as logic circuits, few types of 
smart devices which are capable for sensing magnetic fields and temperatures, infrared 
(IR) radiation and nonvolatile storage have been envisaged [3, 4]. Because of a swift 
change in resistivity of the doped manganites with a slight variation in temperature, these 
materials are also useful for bolometric applications. However, most of the applications 
of manganites involve thin films in which the physical properties are different from their 
bulk counterparts mainly due to strain effect [5, 6]. There are several methods known to 
grow thin films of manganites, such as pulsed laser deposition (PLD), molecular beam 
epitaxy, magnetron sputtering, physical vapor deposition, chemical vapor deposition, etc. 
Manganites are well known for their excellent transport and magnetotransport 
properties, which are mainly governed by the surface and interface features in the films. 
The growth of a thin film on a substrate induces a structural strain due to lattice mismatch 
between the film and the substrate. Since most of the technological applications require 
thin films, it is essential to understand the effects of the substrate - induced strains on the 
properties of manganite films. Mn - O bond lengths and Mn - O - Mn bond angles which 
govern the electric and magnetic properties of the manganites [7], can be altered by 
substitutions [8], external pressure [9] and/or strain introduced by the lattice - substrate 
mismatch in films [10]. The electrical transport, magnetoresistive and magnetic 
properties of the manganite thin films are sensitive to the synthesis technique, synthesis 
parameters, annealing temperature and time, annealing environment, substrate used etc. 
The lattice mismatch between the substrate and the film leads to the lattice strain which 
can be calculated using the formula, δ% = [(dsubstrate - dfilms) / dsubstrate] × 100. Positive or 
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negative value of δ, respectively, indicates a tensile strain or compressive strain in the 
film. The strain can be very effective in manipulating the electrical transport and 
magnetotransport properties of the thin films. Film thickness also plays a crucial role to 
determine the properties of the films since it is known that, strain relaxes with thickness. 
There are several reports available in literature which discusses the effect of thickness of 
doped manganite thin films [11, 12]. However, most of these reports are on PLD grown 
films. In the present chapter, we attempt to grow high quality stoichiometric thin films of 
La0.7Pb0.3MnO3 (LPMO) on single crystalline LaAlO3 (LAO) (100) substrates using 
simple and cost effective spin coating technique. Lead doped manganites have been 
studied in the form of polycrystalline bulk and single crystalline thin films [13, 14]. 
Earlier studies show that, La1-xPbxMnO3 polycrystalline manganites exhibit large MR at 
RT [15]. Lisauskas et al. studied the bolometric performances of the pulse laser deposited 
La0.7(Pb1-xSrx)0.3MnO3 films on single crystalline LAO substrates having temperature 
coefficient of resistance (TCR) ~ 10.2 %K-1 at 266K [14]. In the present chapter, an effort 
is made to study the structural, microstructural, electrical transport, magnetotransport and 
magnetic properties of LPMO manganite films with various thicknesses, grown on single 
crystalline LAO substrates. The effect of strain at the interface, surface morphology on 
the electrical transport and magnetotransport properties of LPMO/LAO manganite films 
is discussed. 
 
Fig. 4.1 Representation of the interface and surface nature and its impact on the 
transport and magnetotransport properties of the manganites 
Fig. 4.1 shows the schematic representation of the LPMO film deposited on single 
crystalline LAO substrate. Due to the mismatch in the film lattice and the substrate, a 
strained interface region is formed which affect various properties of the deposited film. 
Depending on several factors such as nature of substrate, method of film deposition, 
annealing time, temperature and environment, the surface morphology of the film gets 
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affected. Thus, the transport and magnetotransport in the manganite films is governed by 
the combined effect of the film-substrate interface and surface morphology of the film 
[fig. 4.1]. 
 
4.2 Synthesis and Experimental Details 
Thin films of La0.7Pb0.3MnO3 (LPMO) manganite on LaAlO3 (LAO) (100) single 
crystalline substrates having different thicknesses were synthesized using Sol - Gel spin 
coating technique. Fig. 4.2 shows various steps involved in the film deposition process 
using Chemical Solution Deposition (CSD) technique. Lanthanum Acetate [La 
(CH3CO2)3 × XH2O], Lead Carbonate (PbCO3) and Manganese Acetate (Mn (CH3CO2)2 
× 4H2O) were taken as starting materials in stoichiometric ratio. The precursor solution 
was prepared by dissolving the constituents (precursors / starting materials) in double 
distilled water (DDW) and acetic acid (AA) with desired composition. The optimum ratio 
of DDW and AA of 1:1 was maintained in proper volume to yield of 0.3M solution. 
Then, the solution was stirred at 90oC using magnetic stirrer until a clean and transparent 
solution was obtained. The LAO substrates were cleaned by keeping in (i) DDW at 90oC, 
(ii) Tri Chloro Ethylene (TCE) at 60oC, (iii) DDW at 90oC, (iv) Methanol at 60oC, (v) 
DDW at 90oC and finally (vi) Acetone at 60oC, for 5 minutes in each. The films were 
prepared by spin coating the solution at 4000 rpm for 25 sec on cleaned LAO (100) 
substrates to attain 50nm film thickness. The film was then dried at 150oC for 30 minutes 
on heater to remove the excess water from the surface and the dried film was calcined at 
350oC for 30 minutes in furnace. To achieve the desired thicknesses of 150 to 350nm, the 
successive coatings were made. Finally, the films were annealed at 1000oC for 24 hrs in 
O2 environment. 
At the end, the solution of precursor was slowly dried at 150oC still the Gel was 
form through the gelation process. The Gel was burnt at 350oC to obtain the brown 
powder of LPMO. This brown powder was then calcined at 750oC for 24 hours, ground 
and the black powder was palletized under the pressure of 3 ton for 2 minutes and finally 
annealed at 1000oC for 24 hours in O2 environment. 
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Fig. 4.2 Flow diagram of the steps involved in CSD method used for LPMO/LAO 
film deposition 
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CSD grown LPMO/LAO manganite films having thickness ~ 150nm, 200nm, 
300nm and 350nm and polycrystalline bulk LPMO were characterized for their structure 
using XRD and for surface and microstructure using AFM / LFM measurements. 
Rocking XRD curves were collected at room temperature (RT) on (1 0 0) peak of the 
films to confirm the film crystallinity and quality. Electrical transport and 
magnetotransport properties of the films were studied using d.c. four probe resistivity 
technique, in the temperature range ~ 5 - 370K under 0 - 9T field using Physical Property 
Measurement System (PPMS) while SQUID facility was used for magnetization 
measurements on film and bulk LPMO sample. 
 
4.3 Structural Studies 
RT - XRD patterns of LPMO/LAO films having various thicknesses showing the 
single crystalline nature with (h00) orientation are shown in fig. 4.3. Insets of fig. 4.3 
show the enlarged view of (200) XRD peak of films and substrates having large 
separation indicating the presence of lattice mismatch (δ). The lattice parameter of the 
films is greater than the substrate lattice parameter and hence the strain is negative or 
compressive. As seen in the insets of fig. 4.3, the intensity of the (200) peak of the films 
increases with increase in the film thickness indicating the better crystallinity in the 
higher thickness films. It can also be seen that, with increase in film thickness, the 
separation between the film and the substrate peak decreases resulting in the suppression 
of the compressive strain determined using the formula, δ (%) = (dsubstrate - dthinfilm) / 
dsubstrate [dsubstrate for LAO (100) substrate is 0.3788nm]. Fig. 4.4 shows the decrease in the 
compressive strain with the increase in film thickness which is due to the lattice 
relaxation in higher thickness films. 
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Fig. 4.3 XRD patterns of various thickness LPMO/LAO thin films 
Inset: an enlarged view of the indexed (200) peak in the LPMO/LAO films 
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Fig. 4.4 Lattice strain [δ (%)] vs thickness (nm) plot for LPMO/LAO films 
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Fig. 4.5 shows the rocking XRD curves of (100) reflection collected at RT for all 
the films studied. With the increase in film thickness, the FWHM decreases from ~ 0.38o 
to 0.34o in 150 to 350nm films with corresponding increase in the peak intensity and shift 
in the (100) peak towards higher angle. This observation confirms the improvement in the 
crystallinity of the films having higher thicknesses. 
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Fig. 4.5 Rocking XRD curves of (100) reflection of LPMO/LAO films 
 
4.4 Microstructural Studies 
To understand the surface properties and grain morphology of the LPMO/LAO 
manganite films, AFM and corresponding LFM micrographs were obtained and are 
shown as 2-D AFM (top row), 3-D AFM (middle row) and LFM (bottom row) images are 
shown in fig. 4.6. The values of average grain size, corresponding surface to volume ratio 
[D-1 (nm-1)] and rms surface roughness for all the films studied are listed in Table 4.1. It 
is reported that, the presence of compressive strain leads to the formation of island like 
grain structures having lower strain at grains and higher strain at grain boundaries       
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[16, 17]. It can be seen from fig. 4.6 that, all the LPMO/LAO films having various 
thicknesses exhibit island like grain structure confirming the presence of compressive 
strain in the structure, as observed from XRD. The average grain size increases from 180 
to 250nm in 150 and 200nm films, respectively (Table 4.1). Almost rectangular shaped 
grains with average size ~ 150 × 300nm (encircled area in figure 3) becomes perfectly 
rectangular shaped in 350nm film with average size ~ 250 × 600nm, the behavior 
reported in nanostructured La0.7Pb0.3MnO3 manganite [18]. The increase in average grain 
size with film thickness results into the reduction in grain boundary density. Also the 
grain boundaries become sharper and clear with increase in film thickness. 
 
Fig. 4.6 Top:    AFM (2-D) images of LPMO/LAO films 
 Middle:  AFM (3-D) images of LPMO/LAO films 
 Bottom:  LFM images of LPMO/LAO films 
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Table 4.1 Values of an average grain size (nm), surface to volume ratio [D-1 (nm-1)] 
and rms surface roughness (nm) for LPMO/LAO films 
Thickness 
(nm) 
Average 
Grain Size 
(nm) 
Surface to Volume 
Ratio 
D
-1
 (nm
-1
) 
Surface 
Roughness 
(nm) 
150 180 0.00556 29.83 
200 250 0.004 23.24 
300 150 × 300 0.00333 12.28 
350 250 × 600 0.00167 3.92 
 
 
Fig. 4.7 (a) AFM image of 150nm LPMO/LAO thin film showing the island like 
grain growth. (b) An enlarged portion of the image (a). (c) A height profile 
of image corresponding to black line is shown in (b). The distance arrow 
between two vertical lines indicates the typical distance between two 
neighboring island like grains 
 
Fig. 4.7 (a) shows the AFM micrograph of 150nm film while fig. 4.7 (b) and (c) 
show the enlarged portion of the image and the profile of the image along black line, 
respectively. The distance between two grain islands (~ 800Å) is marked by a line with 
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two arrow heads, in fig. 4.7 (c). It can be seen from the Table 4.1 that, an average grain 
size increases with increasing film thickness while rms surface roughness decreases 
appreciably with film thickness. The moderate surface morphology of the films studied 
indicates the homogeneous structure of the films. 
 
4.5 Transport Properties 
Fig. 4.8 shows the resistivity vs temperature plots of all the LPMO/LAO films 
under zero applied field in the temperature range 5 - 370K. 
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Fig. 4.8 ρ - T plots of LPMO/LAO thin films under zero applied field. 
Inset (a): ρ - T plot of bulk LPMO sample. Inset (b): An enlarged view of 
low temperature resistivity (< 80K) behavior of LPMO/LAO thin films 
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Fig. 4.9 Resistivity (ρ) vs Temperature (T) plots of LPMO/LAO films under fields 
of 0, 1, 5 and 9T 
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All the films exhibit metal (dρ / dT > 0) to insulator (dρ / dT < 0) transition at TP 
just below RT. The values of 5K (ρ5K), peak (ρP) and RT (ρRT) resistivities and TP under 
zero applied field are tabulated in Table 4.2. 
Table 4.2 Values of 5K (ρ5K), peak (ρP) and RT (ρRT) resistivities and metal to 
insulator transition temperature (Tp) under zero applied field and MR 
values at 5, 240 and 300K under 9T field for LPMO/LAO films and bulk 
LPMO 
Thickness 
(nm) 
ρ5K 
(mΩcm) 
ρRT 
(mΩcm) 
ρp 
(mΩcm) 
TP 
(K) 
MR (%) @ 9T 
5K 240K RT 
150 14.0947 233.25 802 254 4 85 42 
200 13.7553 178.19 685.9 256 10 81 43 
300 13.6072 84.11 312.3 261 15 76 44 
350 8.9815 80.27 247.6 269 18 75 49 
Bulk 16.9093 64.95 071.5 345 42 36 38 
 
It can be seen from fig. 4.8 and Table 4.2 that, the resistivities at 5K, peak and RT 
decrease largely while TP increases marginally with increase in film thickness. 350nm 
film exhibits TP ~ 269K which can be attributed to the strain relaxation effect. The inset 
(a) of fig. 4.8 shows ρ - T behavior of bulk LPMO sample having highest TP ~ 345K with 
lowest values of resistivities at peak and RT. The inset (b) of fig. 4.8 shows an enlarged 
view of low temperature resistivity behavior below 80K. Fig. 4.9 shows the resistivity vs 
temperature plots of all the LPMO/LAO films under various fields depicting the 
suppression in peak resistivity with increasing field at / around TP and shifting of TP 
towards higher temperature. It may be due to the magnetic field induced suppression in 
scattering of charge carriers at grain boundaries and reduction in the magnetic disorder at 
Mn-O-Mn bond angles [19]. As discussed earlier, the transport and magnetotransport in 
the manganite films is governed by the film - substrate interface as well as surface 
morphology. It is reported that, resistivity decreases and TP increases with increase in 
film thickness [12] [interface effect] as well as with increase in an average grain size [20] 
[surface effect]. 
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The reduction in resistivity with increase in film thickness can be ascribed to the 
enhancement in peak intensity and reduction in FWHM with film thickness resulting in 
improvement in crystallinity and better crystallographic orientation in higher thickness 
films. In addition, the compressive strain at the interface of LPMO/LAO films and 
substrate decreases with film thickness indicating the lattice relaxation effect which in 
turn is responsible for the suppression in Jahn-Teller (JT) effect thereby indicating the 
MnO6 octahedral distortion [21, 22]. Thus, reduced lattice strain supports the Zener 
Double Exchange (ZDE) mechanism which is responsible for the ferromagnetic metallic 
behavior in the manganites. 350nm film has more pronounced effect of strain reduction 
and hence exhibits lower resistivity value and higher TP as compared to lower thickness 
films. Polycrystalline bulk LPMO is a three dimensionally relaxed system having no 
strain effect and hence exhibits highest TP (~ 345K) well above RT with lowest resistivity 
[inset (a) of fig. 4.8]. In addition to the interface properties of the films, it is also reported 
that, the surface roughness affects strain relaxation [11]. Large surface roughness in 
lower thickness films results into the suppressed transfer of eg electrons and hence 
enhanced resistivity in the films having lower film thickness. Thus, the observation of 
lower values of resistivity and large TP in higher thickness films can be simultaneously 
attributed to the presence of low compressive strain at the interface and lower surface 
roughness. 
To understand the role of grain boundaries and surface to volume ratio (D-1) on 
the transport in LPMO/LAO films, the variation in ρ5K, ρP and ρRT resistivities and TP 
with D-1 are plotted in fig. 4.10. It can be seen that, ρ5K, ρP and ρRT increase while TP is 
suppressed marginally with D-1. The increase in resistivities with D-1 can be attributed to 
the decrease in grain size with decreasing film thickness resulting in enhanced grain 
boundary density and hence enhancement in the scattering of the charge carriers at the 
grain boundaries. The increase in sharpness and decrease in grain boundary density in 
higher thickness films give rise to the reduction in the non-magnetic fraction at the grain 
boundaries which in turn suppresses the resistivity and supports the transfer of itinerant eg 
electrons leading to ZDE mechanism and hence enhances the TP. In addition, it is also 
reported that, the grain boundaries are related to the higher strained (microstrained) 
region while core of the grains is related to the lower strained region [16, 17]. In the 
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presently studied films, the increase in grain size and decrease in grain boundary density 
with film thickness results in the suppression of higher strained region which in turn 
reduces the microstrain in the films and improve the transport. 
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Fig. 4.10 (a) ρ5K and ρRT vs D
-1 and (b) ρP and TP vs D
-1 plots of CSD grown 
LPMO/LAO films 
 
The Temperature Coefficient of Resistance (TCR) parameter, quantified by    
TCR = (1/R) (dR/dT) × 100 (%K-1), is useful in exploring the possibilities using thin film 
for temperature sensing application. Fig 4.11 shows the temperature dependence of TCR 
under zero applied field for all the LPMO/LAO films studied. Maximum TCR ~ 4.99% 
[200nm film] is exhibited at TP (~ 240K) which is useful from the application point of 
view. TCR value can be tuned or enhanced by the application of higher magnetic field. 
IV - 15 
 
Studies on CSD Grown La0.7Pb0.3MnO3 (LPMO) Manganite Films 
 
For any device to operate or function for practical purposes, the use of high magnetic 
field is a bottleneck which demands the development of newer manganite films having 
large TCR at or close to RT under low applied fields. 
0 50 100 150 200 250 300 350
-2
-1
0
1
2
3
4
5
0T, RT
 150nm
 200nm
 300nm
 350nm
T
C
R
 (
%
 K
-1
)
T (K)
 
Fig. 4.11 Temperature dependence of TCR under zero applied magnetic field 
(calculated at RT) for LPMO/LAO films 
 
4.6 Magnetotransport Properties 
To understand the effect of strain at the interface and surface morphology on the 
magnetotransport, the variation in negative MR with field in LPMO/LAO films having 
different thicknesses and to compare it with that in bulk LPMO, MR vs H isotherms were 
recorded at 5, 240, 260, 280 and 300K and are shown in fig. 4.12. From the comparison 
point of view, low temperature (5K) and intrinsic (240K) MR isotherms of various 
thickness films and bulk are plotted separately in fig. 4.13. The values of MR at various 
temperatures (5, 240 and 300K) under 9T field for all the films and bulk LPMO sample, 
calculated using MR% = [(ρ0 - ρH) / ρ0] × 100, are tabulated in Table 4.2. 
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Fig. 4.12 MR vs H isotherms for LPMO bulk and films collected at various 
temperatures 
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LPMO/LAO films 
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It can be seen that, MR continuously increases with applied field. All the films 
exhibit intrinsic MR (at 240K) around TP which decreases with film thickness while the 
extrinsic component of MR (at 5K) exhibited by all the films and bulk LPMO at low 
temperature slightly increases with film thickness and becomes 18% and 42% in 350nm 
film and bulk, respectively. The observation of hysteresis like behavior in MR isotherms 
and large MR ~ 42% at 5K in bulk LPMO (fig. 4.12 and fig. 4.13) may be attributed to 
the three dimensionally disordered state of the bulk. In all the films studied, MR 
decreases continuously with increasing temperature (> 240K) which may be due to the 
paramagnetic (insulating) state of the films where magnetic field can not align the spins 
effectively. Only the bulk LPMO sample exhibits appreciably large MR at low 
temperature under low field (1T) due to the spin dependent scattering [23]. 
An interesting thickness dependent interplay between intrinsic and extrinsic MR 
components governed by the structural strain and grain morphology of the films has been 
depicted in fig. 4.14. It can be clearly seen that, with increase in D-1 (i.e. decrease in grain 
size), the intrinsic MR increases while low temperature extrinsic MR decreases. Intrinsic 
MR can be attributed to the field induced suppression in the scattering of the charge 
carriers at the grain boundaries and reduction in magnetic disorder at Mn-O-Mn bond 
angle. The observed behavior of intrinsic MR with thickness (i.e. decrease in D-1) can be 
attributed to the increase in grain size and reduced grain boundary density resulting in the 
total reduction in field induced suppression of scattering and disorder in the higher 
thickness films. The enhancement in extrinsic MR with increase in film thickness and 
grain size (lowering of D-1) may be ascribed to the field induced suppression of the three 
dimensional disorder which increases with increase in film thickness due to the increased 
number of atomic layers onto the substrate along the direction perpendicular to the film 
plane. 
 
4.7 Low Temperature Transport 
In manganites, more attention has been focused on studies on their electrical, 
magnetotransport and magnetic properties at low temperatures. The electron-lattice 
interaction is weak at low temperatures and hence its contribution is less whereas 
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enhanced coulombic interaction and weak localization due to disorder lead to electron-
electron scattering. Reports exist on the occurrence of low temperature resistivity 
minimum in polycrystalline bulk, thin films and single crystal manganites [24, 25]. The 
explanation for the resistivity up-turn at low temperature is given by several groups 
without conclusive understanding of the behavior observed in various manganite systems 
[26 - 28]. In the presently studied LPMO system, resistivity up-turn behavior (at 0T) 
below 30K is observed in all the films as shown in the inset (b) of fig 4.8. The possible 
reasons reported for the occurrence of such a ρ - T behavior are, grain boundary 
localization [26], kondo effect [27], electron-electron scattering due to enhanced 
coulombic interactions and weak localization [27, 28]. In LPMO system, the observation 
of negligible low field MR (< 10%) in all the films suggest the absence of grain boundary 
contribution to the low temperature minima ruling out the grain boundary localization as 
one of the causes of ρ - T up-turn. Also the possibility of kondo effect can be ruled out 
because it is observed due to scattering in nonmagnetic material having magnetic 
impurity while the LPMO film and bulk are ferromagnetic below 280K [refer section 
4.9]. 
In order to justify that, the electron-electron scattering as the possible cause for 
the low temperature resistivity minima in the LPMO manganites, the low temperature ρ - 
T data has been fitted by equation ρ = [1 / (σ0 + BT
1/2)] + ρnT
n [fig. 4.15] which explains 
the electron-electron scattering due to the coulombic interactions between the charge 
carriers. In this equation, the first term is related to elastic scattering contribution to 
resistivity whereas the second term is due to inelastic scattering power law. In first term, 
σ0 is the residual conductivity, B signifies the coulombic interactions resulting in 
electron-electron scattering and hence resistivity minima and, second term, is the power 
law exponent. The temperature dependent interplay between these two scattering 
phenomena results into the resistivity minimum. As shown in fig. 4.15, the calculated 
data fits nicely to the experimental observation, which is evident from low χ2 fitting 
parameter values (Table 4.3) for all the films and LPMO bulk. Tmin shifts toward higher 
temperature indicating the suppression in inelastic scattering with thickness. The value of 
B, can be correlated to the depth of minima which decreases with increase in thickness 
and is lower in bulk LPMO. It can be seen from the fig. 4.15 that, with increase in 
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thickness, the depth of resistivity minima increases, the bulk LPMO sample exhibiting 
the maximum depth due to the increase in three dimensional disorder. This can be 
understood as, the increase in the number of atomic layers with film thickness and hence 
three dimensional disorder results into the enhanced coulombic interactions. Resistivity 
minima effect becomes prominent with increase in film thickness due to the enhanced 
electron-electron interaction caused by the coulombic interactions. 
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Fig. 4.15 Low temperature resistivity fits to ρ = [1 / (σ0 + BT
1/2)] + ρnT
n law for  
   LPMO/LAO films and bulk LPMO 
Table 4.3  Parameters obtained from fitting the resistivity data to the equation 
ρ = [1 / (σ0 + BT
1/2)] + ρnT
n [For definition of parameters, see text] 
Thickness 
(nm) 
Tmin 
(K) 
σ0 
(mΩcm)
-1
 
B 
(mΩcmK
1/2
)
-1
 
ρn 
(mΩcm/K
n
) 
n χ
2
 
150 10 0.06919 0.00121 0.00385 1.59838 0.00002 
200 12 0.07089 0.00111 0.00344 1.63209 0.00002 
300 14 0.07161 0.00091 0.00082 1.97353 2.6885E-6 
350 15 0.1087 0.00088 0.00032 2.09603 1.9889E-6 
Bulk 27 0.05647 0.00078 0.00002 2.7474 0.00158 
 
IV - 21 
 
Studies on CSD Grown La0.7Pb0.3MnO3 (LPMO) Manganite Films 
 
4.8 Magnetic Properties 
 Below the resistivity minimum, the decreased electron mobility with increasing 
electron-electron scattering may result into the glassy (spin disorder) state [28]. To verify 
this possibility, fig. 4.16 shows the temperature dependence of magnetization, in zero 
field cooled (ZFC) and field cooled (FC) conditions under an applied field of 1000Oe for 
150nm LPMO/LAO film and bulk LPMO sample. The film exhibits the paramagnetic to 
ferromagnetic transition at TC ~ 280K while the TC for the bulk LPMO is > 300K. The 
lower TC value in the film is consistent with the lower TP determined from resistivity 
behavior. The small magnetic moment observed in the film can be attributed to the 
contribution from the diamagnetic LAO substrate [diamagnetism of LAO substrate was 
confirmed by M-H measurements]. 
 In both the samples, the ZFC curves coincide with the FC curves at high 
temperature but deviate from each other as the temperature is decreased as shown in 
insets of fig. 4.16. With lowering of the temperature, the deviation between the ZFC - FC 
curves increases indicating the spin disorder state below Tmin which is consistent with the 
enhancement in resistivity below Tmin. It is also clear that, the bifurcation between the 
ZFC - FC curves is larger in bulk sample as compared to film indicating a strong 
resistivity minimum behavior observed in the bulk LPMO sample. Below TC, ZFC - FC 
curves display the irreversibility and λ - shape traces, suggesting the existence of a short 
range spin order at lower temperatures. 
ZFC and FC magnetization measurements show that, below 46K, the 
magnetization increases suddenly (indicated by the upward arrows in the insets of fig. 
4.16). This temperature (46K) corresponds to the onset of the freezing process of the 
surface or grain boundary spin glass layer, for both, the film and the bulk. The origin of 
the surface spin glass layer formation in the presently studied film and bulk sample may 
be attributed to the existence of Mn-O broken bonds at the grain boundaries which 
generates the randomness in the double exchange interactions. Hence, Mn environment at 
the grain boundaries is not the same as inside the grains, resulting into the disordered 
spins at the grain boundaries. 
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Fig. 4.16 Temperature dependence of zero field cooled (ZFC) and field cooled (FC) 
magnetization for 150nm LPMO/LAO film and LPMO bulk sample 
 Insets: Enlarged views of ZFC - FC curves in the temperature range 5-
100K, wherein upward arrows indicate the freezing temperature ~ 46K for 
both film and bulk samples 
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Conclusions 
La0.7Pb0.3MnO3 manganite thin films having various thicknesses were grown on 
single crystalline LaAlO3 (100) substrates using low cost and simple CSD technique. The 
structural analysis using XRD confirms the (h00) oriented film growth while Rocking 
XRD curves reveal the crystalline nature of the films. The strain relaxation, reduction in 
surface roughness, increased grain size and improved grain boundary nature result into 
the improved transport, decrease in resistivity and increase in TP, with increase in film 
thickness. Island like grain morphology with coexistence of low and high strained regions 
plays an important role in governing the transport and magnetotransport properties of the 
films. Strain free disordered bulk LPMO sample shows the higher TP well above RT and 
lower value of resistivity. Only the bulk LPMO sample exhibits appreciably large MR at 
low temperature under low field (1T) due to the spin dependent scattering. Low 
temperature high field MR (9T) increases with increase in film thickness which can be 
attributed to the field induced suppression of the three dimensional disorder which 
increases with increase in film thickness due to the increased number of atomic layers 
onto the substrate along the direction perpendicular to the film plane. The e-e interaction 
and hence the ρ - T minima becomes prominent in higher thickness films and bulk LPMO 
exhibiting maximum depth of ρ - T minima. The effect of e-e scattering caused by the 
coulombic interactions depends on the disorder in the system. Magnetization 
measurements show that, 150nm LPMO/LAO film exhibit TC ~280K while large 
magnetic moment and TC > RT for LPMO bulk. 
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5.1.1 Introduction 
Synthesis and characterization of Colossal Magnetoresistance (CMR) 
nanomaterials has been a subject of intense research due to the unique transport, 
magnetotransport and magnetic properties exhibited by them. The interest in the studies 
on CMR materials is because of the interrelated structural and physical properties 
exhibited by them along with their possible technological applications in magnetic 
memory storage and faster read and write devices [1]. There are three main factors which 
should be considered for studying the manganites (i) large magnetotransport properties, 
(ii) rich phase diagrams, exhibiting a variety of phases, with unusual spin, charge, lattice 
and orbital order and (iii) possess intrinsically inhomogeneous system. In these 
compounds, the zener double exchange (ZDE) mechanism and the Jahn-Teller (JT) 
distortion of MnO6 octahedra play an important role and the resistivity is governed by the 
carrier hopping rate between the adjacent Mn sites [2, 3]. The drop in resistivity below 
the insulator - metal (I - M) (TP) and / or paramagnetic - ferromagnetic (PM - FM) (TC) 
transition temperature is a result of the decrease in scattering of the charge carriers due to 
the ordering of the Mn - spins. 
Two types of magnetoresistance (MR) namely - intrinsic MR and extrinsic MR 
are exhibited by the mixed valent manganites. The intrinsic MR effect under high applied 
fields (> 1T) observed around TP or TC and is governed by ZDE and hence by eg electron 
spins. At low temperatures (below TP or TC), under low applied fields (≤ 1T), the 
extrinsic MR is exhibited by these compounds which is governed by external factors such 
as synthesis parameters, sintering temperature and time, grain morphology, grain 
boundary (GB) density, grain boundary nature etc.  
Coexistence of competing phases results in intrinsic electronic inhomogeneities 
which governs magnetoresistance (MR) behavior of the mixed valent manganites [4]. It is 
reported that, the CMR effect is prominent in the vicinity of TP. The large MR exhibited 
by the optimally doped mixed valent rare earth manganites require relatively higher 
applied fields for the suppression of resistivity, which has become a bottle-neck for their 
applications in various devices [5]. Several efforts are underway to synthesize variety of 
compounds having better microstructural properties suitable for exhibiting appreciably 
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large MR at room temperature (RT) under low applied fields [6]. Recently, it is reported 
that, the low field magnetoresistance (LFMR) can be improved in nanostructured 
polycrystalline samples having promising device applications [7]. 
In this chapter, we report the results of the studies on the optimally Sr-doped 
nanostructured LaMnO3 manganites synthesized by co-precipitation route and 
characterized for structural, microstructural, transport and magnetotransport properties. 
We have shown the sintering temperature dependent MR behavior of nanostructured 
La0.7Sr0.3MnO3 (LSMO) manganites synthesized by co-precipitation method. In addition, 
we have discussed the reason for the observation of large low temperature MR exhibited 
by the samples studied, in the light of spin polarized tunneling (SPT) mechanism [7] 
and/or spin dependent scattering (SDS) effect [8]. 
 
5.1.2 Synthesis and Experimental Details 
Nanoparticles of polycrystalline La0.7Sr0.3MnO3 (LSMO) were grown using the            
co-precipitation technique. The steps involved are listed below - 
• Take the initial components: Lanthanum Nitrate [La (NO3)3 × 6H2O], Strontium 
Nitrate [Sr (NO3)2] and Manganese Chloride [Mn (Cl2) × 4H2O] in stoichiometric 
ratio (with 0.002M) 
• Take the appropriate stoichiometric amount of NaOH (with 0.016M) 
• Dissolve all the four components separately into the double distilled water 
(DDW)  
• Check for the pH of three component solutions separately [≤ 2.0 (Acidic)] [if pH 
> 2.0 then add extra acidic acid to maintain the acidic nature of the solutions] 
• Mix all the three components with continuously stirring and then again check pH           
(~ 1.73), pH < 2.0 indicating the reducing state of the three metal ions  
• Check for the pH of NaOH solution [~ 12.90 (Basic solution)] 
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• Mix NaOH solution with the solution of all the three components with continuous 
stirring and then again check the pH [~ 12.44 (Basic Solution)] 
• Keep the solution into Autoclave for 1 hr, at 100
o
C under the vapour pressure of 
13.79 × 10
6
 pascal. 
• Again check the pH of total mixture of four components [11.80 (Basic solution)] 
• Carry out decantation 
o Take the 60-65
o
C heated DDW  (100ml) and add it into mixture and stir it 
for 1-2 min and then centrifuge the solution and wash the solution (remove 
the upper water layer) 
o Take Aceton (50ml) and again do the above process for decantation 
o Perform the decantation using DDW and Aceton 3-4 times repeatedly and 
then dry the solution 
• Heat the resultant powder of final LSMO materials at 600
o
C for 4 hrs 
(Calcination) 
• Make the pellets of LSMO powder and sintered them at various temperatures 
(600, 700, 800 and 900
o
C) for 24 hrs 
Fig. 5.1.1 displays the experimental procedure for making the nanoparticles of 
LSMO compounds and experimental techniques that have been carried out on them. 
Nanoparticles of LSMO manganites synthesized using co-precipitation technique 
now referred as LS6, LS7, LS8 and LS9, sintered at 600, 700, 800 and 900
o
C, 
respectively, were characterized by X-ray Diffraction (XRD) measurement performed at 
room temperature (RT) with a powder diffractometer using Cu - Kα radiation to 
understand the structural phases present in the samples. The structural analysis was done 
using the Rietveld refinement using FULLPROF program of the diffraction data. The 
particle sizes were determined independently from XRD and Transmission Electron 
Microscopy (TEM) measurements. Average grain size, grain morphology and grain 
growth as consequence of various sintering temperatures (TS) were studied using 
Scanning Electron Microscopy (SEM), Atomic Force Microscopy (AFM) and Lateral 
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Force Microscopy (LFM) measurements at RT. The electrical transport and 
magnetotransport properties of the nanostructured LSMO manganites were studied using 
standard d.c. four - probe method in the temperature range ~ 5 - 370K under the applied 
magnetic field of 0 - 9T (PPMS, Quantum Design). The response of resistivity as 
function of applied magnetic field at various temperatures was understood by taking the 
magnetoresistance (MR) isotherms in the field sweeping of 0 - 9T (PPMS, Quantum 
Design). 
 
Fig. 5.1.1 Flow diagram of the steps involved in co-precipitation technique used for 
La0.7Sr0.3MnO3 (LSMO) nanoparticle synthesis 
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5.1.3 Structural Studies 
TS is one of the key factors which effectively influence the crystallization and 
microstructural growth of perovskite manganites specifically at nano scale regime, which 
in turn, affect the transport and magnetotransport properties of the nanostructured 
manganites. To understand the phase quality, phases present in the samples and structural 
information of the LSMO samples sintered at various temperatures the XRD data was 
collected using Cu Kα radiation at RT. Fig. 5.1.2 shows XRD patterns (raw data) of the 
LSMO samples studied. 
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Fig. 5.1.2 XRD patterns of LSMO manganites sintered at different temperatures 
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All the XRD patterns reveal single phase nature having no detectable impurities 
or no secondary phase. In the present co-precipitation method, the characteristic 
perovskite phase formation starts at a significantly low temperature ~ 600
o
C as compared 
to other conventional methods like solid state reaction. 
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Fig. 5.1.3 Most intense (121) indexed peak of nanostructured LSMO samples 
Table 5.1.1 Values of (121) peak intensity, (121) peak position, FWHM and crystallite 
size for nanostructured LSMO manganites sintered at various temperatures 
Sample 
(121) peak 
intensity (counts) 
(121) peak 
position (o) 
FWHM 
(o) 
Crystallite 
Size (nm) 
LS6 743 32.48 0.4740 17.88 
LS7 813 32.50 0.4363 19.51 
LS8 865 32.72 0.4317 19.74 
LS9 904 32.76 0.3806 22.57 
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Fig. 5.1.3 shows the plots of most intense (121) XRD reflection of LSMO 
samples sintered at various temperatures. It can be observed that, the peak position shifts 
toward higher 2θ values. The values of peak intensity, FWHM and crystallite size, 
determined using Scherer’s formula; CS = k λ / β cos θ, where k ∼ 0.89 is the shape 
factor, λ is the wavelength of X-rays, β is the actual FWHM due to crystallite size only, 
evaluated by taking into account the instrumental as well as the microstrain broadening 
and θ is the angle of diffraction [9], are listed in Table 5.1.1. It can be seen from fig. 5.1.2 
and Table 5.1.1 that, with increase in TS, the peak intensity increases and FWHM 
decreases resulting in the increasing crystallite size indicating the improvement in 
crystallinity with TS. The average crystallite size of the sample sintered at 600°C (LS6) is 
calculated to be ~ 17.88nm which increases with TS and becomes ~ 22.57nm for sample 
sintered at 900°C (LS9). This can be attributed to the conglomeration of smaller 
crystallites to form larger crystallite due to increase in temperature which results into the 
enhancement in crystallinity, peak intensity and crystal structure quality. 
The structural refinements were carried out by Rietveld fitting of XRD patterns 
using standard FULLPROF program [10]. The analysis of the XRD data using Rietveld 
program FULLPROF code indicates that, all the LPMO samples possess single phase 
nature without any detectable impurities, crystallizing in orthorhombic structure having 
Pnma space group (No. 62). Fig 5.1.4 shows the typical Rietveld fitted XRD plots of 
LSMO samples sintered at various temperatures. The line shape of the diffraction peaks 
was generated by a modified Lorentzian function. Inset of fig. 5.1.4 shows the most 
intense Rietveld refined peak depicting the fine and clear matching between the observed 
and calculated data. The values of Rietveld refined unit cell parameters, cell volume, Mn-
O-Mn bond angles, Mn-O bond distances, Wykoff positions, R-factors and χ
2
 of LSMO 
samples are tabulated in Table 5.1.2. The lower values of χ
2
 indicate good agreement 
between observed and calculated patterns. 
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Table 5.1.2 Values of Rietveld refined parameters: lattice parameters, cell volume, 
Mn-O-Mn bond angles and bond lengths, atomic positions, R-factors, χ
2
 
and unit cell contraction of nanostructured LSMO manganites 
Parameters LS6 LS7 LS8 LS9 
a (Å) 5.4688 (9) 5.4687 (4) 5.4667 (1) 5.4622 (10) 
b (Å) 7.7691 (2) 7.7667 (2) 7.7648 (8) 7.7445 (7) 
c (Å) 5.5221 (12) 5.5212 (3) 5.5109 (3) 5.4961 (3) 
V (Å3) 234.6211 234.5061 233.9258 232.4961 
Mn-O1 (Å) 2.0014 (4) 2.03 (2) 2.004 (16) 1.980 (9) 
Mn-O21 (Å) 2.30 (5) 2.15 (9) 2.23 (6) 2.02 (10) 
Mn-O22 (Å) 1.87 (10) 1.74 (9) 1.65 (6) 1.60 (6) 
Mn-O1-Mn (°) 146.30 (9) 150.10 (6) 151.93 (7) 157.50 (4) 
Mn-O2-Mn (°) 171.01 (8) 174.00 (3) 177.00 (4) 179.00 (4) 
(La / Sr)     
x -0.0011 -0.0040 0.0018 0.0010 
y 0.2500 0.2500 0.2500 0.2500 
z 0.0038 0.0020 0.0020 -0.0020 
Mn (x, y, z) (0, 0, ½) (0, 0, ½) (0, 0, ½) (0, 0, ½) 
O1     
x 0.5291 0.5510 0.5800 0.5000 
y 0.2500 0.2500 0.2500 0.2500 
z -0.0830 -0.0940 -0.0500 -0.0700 
O2     
x 0.3017 0.2790 0.2880 0.2650 
y 0.0178 0.0010 0.0130 0.0030 
z -0.2120 -0.2260 -0.2140 -0.2450 
RP 36.3 31.6 31.1 28.6 
RWP 34.4 31.4 31.6 30.5 
Rexp 26.7 25.7 25.5 23.2 
RB 8.18 8.91 8.63 7.47 
Rf 10.4 11.1 10.7 7.44 
χ2 1.651 1.487 1.543 1.725 
Cell Volume Contraction 0.0000 0.0490 0.2964 0.9057 
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It can be seen from Table 5.1.2 that, the lattice parameters decrease with increase 
in TS (which is indicated from the shifting of most intense peak to higher 2θ) due to 
which the unit cell volume decreases with increase in temperature resulting into the unit 
cell contraction. For instance, the unit cell of LS9 contracts ~ 0.91% with respect to that 
of LS6 sample [Table 5.1.2]. The Mn-O1 is the apical bond length in MnO6 octahedra. 
Mn-O21 and Mn-O22 are the bond lengths in the basal plane in the MnO6 octahedra. 
Though, there are irregular variations in Mn-O bond lengths in the MnO6 octahedra, 
overall reduction can be observed from LS6 to LS9. This can be correlated with the 
suppression of the unit cell parameters and unit cell volume. The most important 
structural unit of the manganites is the Mn-O-Mn bond angles which governs the transfer 
of charge carriers shows the regular variation with TS. As the TS increases, both the 
apical (Mn-O1-Mn) and basal plane (Mn-O2-Mn) bond angles increase toward 180
o
. For 
instance, LS6 sample exhibits the apical bond length ~ 146.30
o
 whereas basal plane angle 
is observed ~ 171.01
o
. These angles become ~ 157.50
o
 (epical) and 179.00
o
 (basal, very 
near to 180
o
), respectively, for LS9 sample. Table 5.1.2 also shows the volumes of other 
refined parameters of LSMO samples highlighting the lower χ
2
 values indicating the 
better refinement. 
 
5.1.4 Microstructural Studies 
Fig. 5.1.5 (a) shows the TEM images (carried out at RT) of all the LSMO samples 
sintered at various temperatures taken to confirm the particle size, shape and distribution. 
It can be clearly seen from the pictures that, the particles are nearly spherical in shape 
having narrow size distribution. The majority of the particles are distributed in the range 
~ 20 - 40nm for LS6 and ~ 40 - 70nm for LS9 sample. This indicates that, the particle 
size increases with increasing TS. It can be also observed that, the aggregation of 
particles takes place from LS6 to LS9 resulting in an increased connectivity between 
particles and reduced porosity. 
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Fig. 5.1.5 (a) TEM images of (a) LS6, (b) LS7, (c) LS8 and (d) LS9 samples 
 
Fig. 5.1.5 (b) Top:  SEM images of LSMO samples 
 Middle: AFM images of LSMO samples 
Bottom: LFM images of LSMO samples 
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Fig. 5.1.5 (b) depicts the SEM (Top) in secondary electron imaging mode, AFM 
(Middle) and corresponding LFM (Bottom) images taken at RT for all the nanoparticles 
of LSMO samples sintered at various temperatures. Table 5.1.3 lists the values of grain 
size and surface to volume ratio for all the LSMO samples. From SEM images, it is clear 
that, the average grain size increases with TS from ~ 50nm in LS6 to ~ 170nm in LS9. In 
support to SEM observations, from AFM and their corresponding LFM pictures, it is 
clear that, the average grain size increases with TS so that, grain size ~ 70nm in LS6 
becomes ~ 160nm in LS9 sample. This can be attributed to the aggregation of smaller 
grains to form a larger grain as a consequence of higher heat treatment. 
Table 5.1.3 Values of grain size from SEM, AFM/corresponding LFM and surface to 
volume ratio (D
-1
) for LSMO manganites 
Sample 
Grain Size (nm) Surface to 
Volume Ratio 
(D-1) (nm-1) 
SEM AFM/LFM 
LS6 50 70 0.02 
LS7 70 90 0.01429 
LS8 125 120 0.008 
LS9 170 160 0.00588 
 
From the top of fig. 5.1.5, it is clear that, the grains are grown in a small group 
indicated by rectangular markings in SEM image of LS6 and LS7 samples. In these 
marked regions or groups, the grains are arranged in regular manner, though they are 
connected through the neck like grain structure. This neck like structures between the two 
grains is suppressed due to the higher temperature effect and large grains are formed. In 
LS8 and LS9 samples, there is no any neck like structure between two neighboring grains 
and the grain boundaries become clear, sharper and obvious in the samples sintered at 
higher temperatures. All the grains are formed separately instead in groups in higher 
sintered samples. All the samples possess uniform grain size distribution indicating a 
good quality of microstructure in all the LSMO samples studied. The average grain size 
increase with increase in TS which can be attributed to the aggregation of smaller grains 
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into the large grain and also due to the disappearance of neck like grain structure between 
the neighboring grains in the samples sintered at higher temperatures. Thus, the grains in 
lower sintered samples are loosely connected with each other. The noticeable behavior in 
grain morphology is that, the inside grain regions consist of the most crystalline LSMO 
while the neck between the grains and distorted grain boundaries possess amorphous 
nature. 
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Fig. 5.1.6 Sintering temperature (TS) dependent crystallite size and grain size 
observed from SEM and AFM/LFM measurements for nanostructured 
LSMO manganites 
 
The surface to volume ration (calculated geometrically using an average grain 
size from SEM) decreases with increase in TS as listed in Table 5.1.3 clearly indicates 
the suppressed surface effect as a consequence of TS and grain morphological 
modifications. The nature of the grain boundaries is a key ingredient in the mechanism of 
electric transport, since it constitutes the barriers through which carriers should pass 
(cross or tunnel) [11, 12]. 
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Fig. 5.1.6 shows the TS dependent crystallite size, calculated from the broadening 
of XRD peaks and an average grain size observed from SEM and AFM/LFM images [fig. 
5.1.5]. The variation in both, crystallite size and grain sizes from SEM and AFM/LFM is 
the same, only the crystallite size is smaller as compared to grain size and the difference 
becomes more pronounced at higher temperatures. This can be attributed to the fact that, 
grains are composed of several crystallites, probably due to the internal stress or defects 
in the structure [13]. 
 
5.1.5 Transport Properties 
Manganites are known for their interesting interrelated physical properties and 
novel applications due to the CMR effect exhibited by them. d.c. four probe resistivity 
measurements were performed in the temperature range 5 - 370K under 0, 1, 5 and 9T 
fields using PPMS (Quantum Design). 
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Fig. 5.1.7 lnρ vs. T plots for LSMO manganites under zero applied field 
Inset: Temperature dependence of the normalized resistivity for 
nanostructured LSMO samples sintered at various temperatures 
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Table 5.1.4 Values of resistivity at 5K (ρ5K), peak resistivity (ρP) and resistivity at 
300K (ρRT), difference (ρ5K - ρP), transition temperature (TP) and 
minimum temperature (TM) below which resistivity up-turn starts for 
LSMO manganites under zero Tesla field 
Sample 
ρ5K 
(KΩcm) 
ρP 
(KΩcm) 
ρ300 
(KΩcm) 
ρ5K - ρP 
(KΩcm) 
TP 
(K) 
TM 
(K) 
LS6 373.689 127.872 0.857 245.817 64 58 
LS7 2.710 1.793 0.171 0.917 136 46 
LS8 0.150 0.154 0.053 -0.004 172 41 
LS9 0.00046 0.00081 0.00076 -3.5E-4 262 40 
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Fig. 5.1.8 ρ vs. T plots for nanostructured LSMO samples sintered at various 
temperatures under the fields of 0, 1, 5 and 9T 
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Fig. 5.1.7 shows the variation in resistivity plotted in logarithmic scale as function 
of temperature, while inset of fig. 5.1.7 displays the normalized resistivity w.r.t. 
resistivity at RT, (in logarithmic scale) for all nanostructured LSMO samples sintered at 
various temperatures. Fig. 5.1.8 shows the temperature dependence of resistivity in 
absence and presence of applied magnetic fields for LSMO. It can be seen from fig. 5.1.7 
that, the resistivity decreases with increase in TS throughout the temperature range 
studied. Furthermore, all the samples show the metal to insulator transition at TP with 
increase in temperature which increases with TS. The values of resistivity at 5K (ρ5K), 
peak resistivity (ρP), resistivity at 300K (ρRT) and TP for all the LSMO manganites are 
listed in Table 5.1.4. With increase in applied field, the resistivity is suppressed 
throughout the temperature range studied and giving rise to negative CMR effect. The TP 
shifts toward higher value with the increase in field, as seen from fig. 5.1.8. 
In the LSMO samples studied, the resistivity is high (~ KΩ range) which can be 
attributed to the loosely connected grains and the rough grain boundaries and also due to 
the neck like grain morphology observed between the neighboring grains as shown in 
SEM images for LS6 and LS7 samples [fig. 5.1.6 (b)]. The ρ5K and ρP are suppressed 
with increase in TS while the TP increases linearly with TS from LS6 to LS9 samples. It 
is also observed that, the difference between the resistivities (ρ5K - ρP) decreases with 
increase in TS [Table 5.1.4]. 
The increase in TP with TS and field in LSMO can be explained on the basis of 
field induced suppression in scattering of charge carriers at grain boundaries and 
suppression in Mn-O-Mn disorder resulting in the enhanced effect of ZDE through the 
improvement in transfer integral of eg electrons and hence increase in TP with field and 
TS. The increase in sharpness of metal to insulator transition with TS can be attributed to 
the decrease on density of grain boundaries from LS6 to LS9 samples resulting in the 
suppression of magnetic frustration and hence sharp transition. Also, the connectivity 
between grains is better in higher sintered samples leading to better transport and sharper 
transition. 
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Fig. 5.1.9 Variation in (a) ρ5K and ρRT, (b) ρP and TP with sintering temperature (TS) 
and (c) ρ5K and ρRT, (d) ρP and TP with D
-1
 for LSMO manganites 
It is reported that, an average grain size increases whereas the surface effect 
reduces with increase in TS [14]. To understand the effect of TS on the transport 
properties and to study the nature of the grain morphology and surface effects over the 
transport, the plots of variation in ρ5K, ρRT, ρP and TP with TS and surface to volume ratio 
(D
-1
) are shown in fig. 5.1.9. The resistivities at 5K, peak and RT decrease while TP 
increases with TS [fig. 5.1.9 (a) and (b)]. Whereas all the three resistivities increase and 
TP decreases with D
-1
 indicating the prominent surface effect at lower TS which can be 
attributed to the smaller grain size and hence large grain boundary density. 
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5.1.6 Magnetotransport Properties 
All the LSMO samples show the resistivity suppression under applied magnetic 
fields of 1, 5 and 9T resulting into the negative CMR effect (fig. 5.1.8). This CMR 
property is the important for the doped manganese oxide materials where 
magnetoresistance (MR) can be calculated using the formula: 
MR (%) = [(ρH - ρ0) / ρ0] × 100% 
where ρ0 and ρH are the respective resistivities measured under the absence and presence 
of an applied magnetic field H. Fig. 5.1.10 shows the variation in MR with temperature in 
the range 5 - 370K under applied fields of 1, 5 and 9T for LSMO samples. 
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Fig. 5.1.10 MR vs. T plots for LSMO manganites at various applied fields 
 
It can be seen from the above fig. 5.1.10 that, all the presently studied LSMO 
nanophasic samples exhibit two components of MR namely, intrinsic MR (generally, 
V - 19 
 
Studies on Nanostructured La0.7Sr0.3MnO3 (LSMO) Manganites 
 
exhibited at ~ TP under relatively high applied magnetic fields > 1T) and extrinsic MR 
(generally, exhibited at low temperatures under relatively low applied field ≤ 1T and 
hence known as LFMR). The origin of intrinsic MR is due to the magnetic field induced 
reduction in the scattering of eg electrons and reduction in the disorder at Mn-O-Mn 
bonds at the grain boundaries. This effect is governed by the internal properties of the 
sample such as, spin arrangement and spin state of the materials (hence, known as 
intrinsic component). Extrinsic MR can be governed by the external factors such as grain 
boundaries and hence can be attributed to the spin polarized tunneling (SPT) and/or spin 
dependent scattering (SDS) of the charge carriers at the grain boundaries [8, 15]. The 
high field MR (HFMR) in the samples, exhibited at low temperatures, depends on the 
reorientation and stiffness of the spins at the grain boundaries and hence connectivity 
between the grains.  
Samples sintered at higher temperatures (LS8 and LS9) exhibit almost linear MR-
T behavior which can be due to spin polarized tunneling (SPT) between the neighboring 
grains becoming prominent with lowering of temperature and hence enhancement in MR 
with decrease in temperature indicating that, the extrinsic MR response superimposes 
over the intrinsic MR. LS6 sample exhibits a constant MR ~ 79% in the temperature 
range of 17 - 82K under various applied fields [fig. 5.1.10] suggesting that, the low 
temperature, extrinsic MR (both, LFMR and HFMR) and intrinsic MR are 
undistinguishable. Similar behavior is observed in LS7 sample but samples sintered at 
higher temperatures (LS8 and LS9) do not exhibit such a behavior indicating the role of 
spin dependent scattering (SDS) effect in the low temperature region. 
It is reported that, with increase in TS or grain size, the intrinsic MR increases 
while extrinsic MR is reduced which can be understood in terms of ZDE mechanism 
[14]. In the presently studied co-precipitation synthesized nanostructured LSMO 
manganites, both the types of MR decrease with TS which can be attributed to the 
prominent extrinsic MR over the intrinsic one and reduction in total number of grain 
boundaries and hence reduced scattering of the charge carriers at the non-magnetic grain 
boundaries. 
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Fig. 5.1.11 MR vs. H isotherms for nanostructured LSMO manganites collected at 
various temperatures 
Table 5.1.5 Values of D-1, MR% (HF and LF) at 5K and HFMR at 100, 200, 300 and 
330K observed from LSMO isotherms 
Sample 
Surface to 
Volume ratio 
D-1 (nm-1) 
MR (%) 
5K HFMR 
LFMR HFMR 100K 200K 300K 330K 
LS6 0.02 38 75 76 40 13 07 
LS7 0.01429 31 59 58 46 16 09 
LS8 0.008 29 53 47 43 21 13 
LS9 0.00588 28 46 37 30 25 22 
V - 21 
 
Studies on Nanostructured La0.7Sr0.3MnO3 (LSMO) Manganites 
 
To understand, separately, the contribution of intrinsic and extrinsic components 
of MR, MR vs H isotherms in the field range 0 - ± 9T were collected at various 
temperatures and are shown in fig. 5.1.11. Values of LFMR and HFMR at different 
temperatures are listed in Table 5.1.5. Following highlighting features of 
magnetotransport in LSMO manganites grown by co-precipitation route are seen: 
(1) At 5K, all the LSMO manganites exhibit the hysteresis like MR variation with field 
indicating the presence of disorder in the samples. It is also clear that, the area of the 
hysteresis in MR variation with field is reduced with increase in TS or grain size 
indicating the suppression in disorder in the samples sintered at higher temperatures. 
The disorder may be like non-magnetic grain boundaries having insulating like 
behavior, defects at the grain boundaries, amorphous like structure of the grain 
boundaries etc. 
(2) At 5K, LFMR decreases with increase in TS with 38% in LS6 to 28% in LS9 sample. 
The responsible mechanism for this large LFMR in LSMO samples is the SPT and/or 
SDS mechanisms between two neighboring grains. As the grain size increases from 
LS6 to LS9, the total number of grain boundaries is reduced resulting into the 
reduction in total SPT and/or SDS effects. As shown in fig. 5.1.11 and Table 5.1.5, 
the MR values remain constant in the region 5K and 100K indicating the SDS process 
responsible for the low temperature MR (in LS6 and LS7) while with increase in TS, 
the difference between the MR values at 5K and 100K increases and MR at 5K is 
larger than that at 100K indicating the SPT effect responsible for the low temperature 
MR (in LS8 and LS9). 
(3) All the samples show the TP well below RT and as shown in fig. 5.1.11 and Table 
5.1.5, the MR at RT increases with increase in TS indicating the effect of 
paramagnetic nature of the samples. This can be also seen at 330K for all the LSMO 
samples. 
As shown in Table 5.1.5, the surface to volume ratio (D
-1
) decreases with increase 
in T which is due to the reduction in the grain boundary density. Means the D
-1
 is small in 
higher sintered samples indicating the more prominent effect of surface exists at lower 
sintered samples. The increase in MR with D
-1
 can be attributed to the large surface 
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possessed by the smaller particle samples and hence large number of dangling bonds and 
non-magnetic fraction at the grain boundaries or the surface. Magnetic field can be 
effective prominently over the transport of the carriers through the grain boundaries in 
the samples having the large surface effect. This gives the increase in MR with increase 
in D
-1
. 
 
5.1.7 Low Temperature Transport 
All the nanostructured LSMO manganites synthesized using co-precipitation 
technique exhibit metal to insulator transition along with large low temperature MR 
which can be attributed to the SPT (LS6 and LS7) and SDS (LS8 and LS9) mechanisms. 
As shown in fig. 5.1.7 and fig. 5.1.8, resistivity up-turn is prominent at the temperatures 
< 60K particularly for the samples having the smallest grain size or lower TS. As shown 
in Table 5.1.4, it is clear that, the resistivity up-turn start from the temperature, TM, below 
which insulating like behavior in ρ vs T plots can be clearly seen and the resistivity starts 
to increase with lowering the temperature from TM (at which resistivity is minimum) 
which is suppressed with increase in TS or grain size. The values of resistivity at 5K, in 
all the LSMO samples, are higher than that is observed at peak in ρ vs T plots. This 
suggests that, with increase in TS or gain size, the prominence of resistivity minima 
decreases and the negative difference between the resistivities for LS8 and LS9 samples 
can be attributed to the absence of neck like grain boundaries in the samples. 
It is also clear from fig. 5.1.8 that, magnetic field suppresses the minima behavior 
and makes the up-turn flatten which can be attributed to the field induced modifications 
in the grain morphology. This up-turn is prominent in lower sintered samples, as 
indicated in Table 5.1.4. 
There are two contributions to the resistivity up-turn: one is elastic scattering and 
other is the inelastic scattering phenomena. Hence ρ = ρelastic + ρinelastic. The elastic term 
increases with decreasing temperature while inelastic term is reduced with decrease in 
temperature and the resistivity up-turn is a result of interplay between these two 
contributions. As the TS increases, the TM is suppressed indicating the suppression in   
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up-turn effect and enhancement in inelastic scattering. It is very clear that, TM shifts 
toward lower temperature with increase in field as listed in Table 5.1.6 and fig. 5.1.8. 
This suggests the magnetic field induced suppression in un-expected elastic scattering 
and enhancement in inelastic process. Magnetic field flattens the resistivity up-turn and 
hence can reduce the deepness of the minima as shown in fig. 5.1.8. 
Resistivity minima effect is related to the low temperature MR which is the useful 
property of nanostructured manganites. It can be attributed to the electrostatic blockade 
of the charge carriers at the grain boundaries. This model predicts the temperature 
dependence for the resistivity in the form ρ (T) ∝ exp (A / T)
1/2
. Its functional form can 
be observed in the fits of fig. 5.1.12. 
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Fig. 5.1.12 Low temperature resistivity fits to Coulomb blockade energy model [ρ (T) 
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] for nanostructured LSMO manganites 
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Table 5.1.6 Values of parameters (TM, A and EC) derived from fittings of low 
temperature resistivity minima for nanostructured LSMO manganites 
Sample H (T) TM (K) A (K
1/2) EC (eV) 
LS6 
(D-1 = 0.02) 
0 58 2.02824 3.54E-4 
1 56 1.92184 3.18E-4 
5 46 1.80340 2.80E-4 
9 44 1.60205 2.21E-4 
LS7 
(D-1 = 0.01429) 
0 46 1.12157 1.08E-4 
1 43 1.10640 1.05E-4 
5 41 1.09004 1.02E-4 
9 40 1.06791 9.83E-5 
LS8 
(D-1 = 0.008) 
0 41 0.69185 4.12E-5 
1 35 0.64895 3.63E-5 
5 34 0.63860 3.51E-5 
9 33 0.63765 3.50E-5 
LS9 
(D-1 = 0.00588) 
0 35 0.15327 2.02E-6 
1 32 0.09029 7.03E-7 
5 29 0.08784 6.65E-7 
9 26 0.08610 6.39E-7 
 
The values of various parameters derived from fitting ρ - T minima curves 
including the TM, slope value A and electrostatic blocking energy in eV under various 
applied magnetic fields for various nanostructured LSMO manganites studied are listed 
in Table 5.1.6. It is clear that, the electrostatic blockade model is nicely fitted to the 
resistivity minima behavior at all the studied fields for all the LSMO samples as shown in 
fig. 5.1.12. In nanostructured LSMO manganites, the electrostatic blocking energy is 
suppressed with increase in grain size which is the common nature of variation in EC with 
grain morphology. The blocking energy (EC) is the energy required to the charge carriers 
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(here in our case, the itinerant eg electrons) to pass through the grain boundaries from one 
grain to nearest neighboring grains. Thus, EC depends on the grain morphology including 
grain boundary density, nature of grain boundaries etc. In presently studied LSMO 
samples, sintered at different temperatures, the neck like amorphous grain structure exists 
in between two neighboring grains in LS6 and LS7 samples. The width of the grain 
boundaries is reduced from LS8 to LS9. Furthermore, the grain boundary density is 
reduced with increase in TS.  This indicates the reduction in the total average EC in the 
sample with increase in TS which helps the hopping of eg electrons from one grain to 
another and hence breaks the blocking process of the charge carriers at the grain 
boundaries due to the improvement in the grain boundary nature and grain boundary 
density as TS increases. 
From Table 5.1.6, it can be seen that, magnetic field reduces the EC in all the 
LSMO samples studied which can be attributed to the magnetic field induced 
modifications in the grain morphology and the field reduces the magnetic disorder at the 
grain boundaries and hence the hopping is easily possible through the grain boundaries. 
Moreover, magnetic field provides the energy (magnetic energy) to the charge carriers so 
that, the blocking energy is reduced and charge carriers overcome the grain boundaries 
and hence with field the EC is reduced. 
As shown in Table 5.1.6, the D
-1
 decreases with increase in TS, along with surface 
prominence or surface effect, the EC increases. This indicates that, the enhancement in the 
EC can be correlated with the D
-1
 that, both decrease with increase in TS. These both can 
be attributed to the reduction in the grain boundary density and improvement in the grain 
boundary nature. Hence, the surface effect becomes lower in higher sintered samples 
resulting into the reduction in the blocking effect of the charge carriers at the grain 
boundaries at low temperature due to the reduced grain boundary density, broken Mn - O 
- Mn bonds and magnetic disorder at grain boundaries. 
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Conclusions 
 Polycrystalline nanostructured La0.7Sr0.3MnO3 (LSMO) manganites using co-
precipitation method have been successfully synthesized and the sintering temperature 
(TS) dependent modifications in their structural, microstructural, transport and 
magnetotransport behavior are studied. Rietveld refinements reveal the single phase 
orthorhombic unit cell structure having Pnma space group (No. 62). Variation in Mn-O-
Mn bond angles and Mn-O bond lengths shows a dependence on TS in LSMO 
manganites. Strong dependence of particle size and grain morphology on the TS has been 
investigated using TEM, SEM, AFM and LFM measurements. It can be seen that, grain 
morphology improves and grain boundary density decreases with TS. With increase in 
TS, the resistivity is suppressed due to the reduction in scattering of charge carriers and 
improved grain morphology. The LFMR behavior (≤ 1T) at 5 and 100K, in samples 
sintered at lower temperatures can be explained on the basis of spin dependent scattering 
(SDS) of charge carriers, having weak dependence of MR on temperature while the spin 
polarized tunneling (SPT) mechanism dominates the conductivity in LSMO samples 
sintered at 800 and 900
o
C showing an increase in MR with decrease in temperature. The 
observation of SDS effect in lower sintered samples is due to the high stiffness of the Mn 
eg electron spins due to poor grain connectivity while the stiffness reduces with 
increasing TS due to the improved grain boundary nature results into the SPT effect. All 
the samples show the resistivity up-turn behavior at low temperature below 60K which 
can be explained using the coulomb blockade model which reveals the dependence of 
blocking energy of the charge carriers on the grain morphology in the samples. The large 
grain size, small grain boundary density and better grain boundary nature result into the 
reduced total blocking energy. Applied field can reduce the blocking energy by 
modifying the grain boundaries. 
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5.2.1 Introduction 
Hole doped manganites having ABO3 type perovskite structure exhibit colossal 
magnetoresistance (CMR) effect which is a topic of considerable interest [1, 2] due to 
their potential for use in bolometric applications, magnetic field sensors, magnetic 
recording and read - write heads. One of the fruitful endeavors in this field is to grow 
good quality thin films with appreciably large magnetoresistance (MR) and high 
ferromagnetic to paramagnetic (FM-PM) transition temperature (TC) along with the metal 
to insulator/semiconductor (M-I/S) transition temperature (TP), preferably around room 
temperature (RT). The structural, transport, magnetotransport and magnetic properties of 
CMR oxide films are very sensitive to the material processing parameters such as 
deposition technique [3 - 5], temperature of growth [6], annealing temperature and 
environment [7], thickness of the film [8] and substrate used [9]. Chemical Solution 
Deposition (CSD) is a low cost and simple method of depositing thin films on large 
surface areas, as compared to commonly used physical methods such as Pulsed Laser 
Deposition (PLD), Magnetron Sputtering Deposition (MSD), Molecular Beam Epitaxi 
(MBE) etc. It is reported that, the CSD grown La0.7Sr0.3MnO3 (LSMO) manganite film 
exhibits TP > 390K and MR ~ 17.7% at 360K under 3T field [10] while La0.7Ca0.3MnO3 
(LCMO) film exhibits higher TP as compared to PLD grown film with similar 
composition [11]. 
In this chapter, an effort is made to study the properties of CSD grown           
La0.8-xPr0.2SrxMnO3 (LPSMO) [x = 0.1, 0.2 and 0.3] thin films and understand the effect 
of large size variance at A - site on the structural, microstructural, transport and 
magnetotransport properties of the films grown on SrTiO3 (STO) (100) single crystalline 
substrates. Also, the comparison of the properties of CSD grown LPSMO films with the 
PLD grown films is made in the context of various properties and magnetotransport 
behavior exhibited by them. 
A commonly observed problem of low quality of films deposited using CSD 
method may arise due to number of reasons such as improper substrate, un-optimized 
growth conditions, un-controlled grain morphology, purity of chemicals used etc. Such 
problems may be faced in other sophisticated techniques such as PLD, MBE etc also. The 
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main aim behind the undertaking the present study is to grow high quality crystalline thin 
films of LPSMO on STO substrates using CSD route and to study their structural, 
microstructural, transport and magnetotransport properties. The effect of structural strain 
arising due to film lattice - substrate mismatch has been studied and compared with the 
PLD grown films. 
 
5.2.2 Synthesis and Experimental Details 
La0.8-xPr0.2SrxMnO3 (LPSMO) [x = 0.1, 0.2 and 0.3] manganite thin films were 
grown on STO (100) single crystalline substrates using Chemical Solution Deposition 
(CSD) technique following the steps shown in fig. 5.2.1. Stoichiometric ratio of acetates 
of La, Pr, Sr and Mn was dissolved in acetic acid and double distilled water (1:1 in 
volume ratio) and stirred at 90oC for 30min. The transparent solution, light yellow in 
color, was further stirred to achieve well mixed La0.8-xPr0.2SrxMnO3 solution. The 
LPSMO films were grown on STO substrates using spin-coating method with a rotation 
of 4000 rpm for the time of 25sec and then dried at 150oC for 30min in order to remove 
the excess water. The films were calcined at 350oC for 30min so as to expel the organics. 
The calcined films were then annealed at 1000oC for 24hrs in O2 environment. In order to 
grow the desired thickness (100nm) of the films, spin coating, drying, calcination and 
annealing processes were repeated twice. The same thickness (100nm) films of 
LPSMO/STO (100) using PLD technique were synthesized for comparing the structural, 
microstructural, electrical transport and magnetotransport properties of the films. Single 
phasic LPSMO targets for PLD were synthesized using conventional solid state reaction 
route. The parameters used for PLD were: laser = 248nm KrF excimer, substrates = STO 
(100), laser energy = ~ 2 J/cm2, repetition rate = 10 Hz, substrate temperature = 700oC, 
target - substrate distance = 55 mm, oxygen partial pressure = 400 mTorr and film 
thickness = 100 nm. 
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Fig. 5.2.1 Flow diagram of the steps involved in CSD method used for growth of             
La0.8-xPr0.2SrxMnO3 (LPSMO)/STO films 
 
La0.8-xPr0.2SrxMnO3 manganite films (grown by CSD and PLD) on STO (100) 
substrates (LPSMO/STO) now referred as LPSMO I, LPSMO II and LPSMO III for x = 
0.1, 0.2 and 0.3, respectively, were structurally characterized by X-ray Diffraction (XRD) 
using Cu Kα radiation at room temperature (RT) while Atomic Force Microscopy (AFM) 
was used to study their surface properties and microstructure. Resistivity data were 
obtained under various applied fields ~ 0, 1, 5 and 9T in the temperature range 2 - 380K 
and MR vs H isotherms were recorded at various temperatures under 0 - 9T field using 
Physical Properties Measurement System (PPMS, Quantum design). 
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5.2.3 Structural Studies 
Fig. 5.2.2 (a) shows the XRD patterns of CSD grown LPSMO/STO films 
collected at RT revealing the single crystalline growth of films on STO (100) single 
crystalline substrates in (100) direction. The bifurcation in LPSMO film and STO 
substrate peaks reveals the strain present in the films which is negligibly small in LPSMO 
I indicating the lower lattice mismatch in between the LPSMO I and STO. The 
bifurcation increases from LPSMO I to LPSMO III film indicating the increase in lattice 
mismatch and hence strain at the interface. The lattice mismatch or strain was calculated 
using the formula δ% = [(dsubstrate - dfilm) / dsubstrate] × 100 (dsubstrate = 3.905Å). The values 
of average A - site ionic radius (< rA >) [< rA > = ∑xiri], size variance at A - site (σA
2) [σA
2 
= ∑xiri
2 - < rA >
2 = < rA
2 > - < rA >
2], tolerance factor (t) [t = (rA + rO) / √2 (rB + rO)] and 
lattice strain (δ %) for all the LPSMO films are listed in Table 5.2.1. The < rA >, σA
2 and t 
increase with increase in the doping of divalent Sr2+ ion at La - site. The negative values 
of the strain indicate the presence of compressive strain at the interface. The film 
relaxation is decreased with increasing Sr2+ content and hence with increase in average A 
- site cationic radius and size mismatch at A - site. The strain δ increases from -0.05 to -
0.15% in LPSMO I to LPSMO III films where the size mismatch is more than twice in 
LPSMO III than LPSMO I. Though compressive strain increases with x, in LPSMO 
III/STO film the mismatch value is only -0.15%. Fig. 5.2.2 shows the XRD patterns of 
LPSMO I/STO films, grown using (b) PLD and (c) CSD techniques for the comparison 
point of view. Both the films crystallize in (h00) direction. As shown in the insets of fig. 
5.2.2 (b) and (c), the (200) XRD peak intensity is larger in CSD film than in PLD one 
indicating better crystallinity of CSD film as compared to PLD film (also confirmed by 
the width of the peaks in the insets, FWHM). The (200) peaks in both, PLD and CSD 
grown LPSMO I/STO films, bifurcating slightly from their respective STO peaks results 
into the low strained interface in the films. The film of LPSMO I/STO grown using PLD 
(large bifurcation) possesses +0.1% (tensile) strain at the interface while CSD grown film 
(lower separation in peaks) possesses only -0.05% (compressive) strain. 
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Fig. 5.2.2 (a) XRD patterns of CSD grown LPSMO/STO films, XRD pattern of   
(b) PLD grown and (c) CSD grown LPSMO I/STO films 
Inset: A corresponding enlarged view of (200) XRD peak 
 
5.2.4 Microstructural Studies 
 The microstructural studies carried out using AFM measurements shows that, 
LPSMO/STO films grown using CSD possess well connected island like grain growth, as 
evident from fig. 5.2.3. The values of average grain size and root mean square (rms) 
surface roughness of the films are listed in Table 5.2.1. It can be seen that, the films are 
relatively flat (because the roughness is < 50nm for each film) and dense (large grain 
size). With increase in charge carrier density, average grain size and rms surface 
roughness increases which may be due to the increased concentration of larger Sr2+ ion at 
smaller La - site. The same observations can be noticed from AFM pictures of PLD 
grown LPSMO films (fig. 5.2.3 bottom row) exhibiting partial island like grain growth 
having smooth surface. 
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Fig. 5.2.3 AFM images of (top) CSD and (bottom) PLD grown LPSMO/STO films 
Table 5.2.1 Values of < rA >, σA
2, t, δ, average grain size and rms surface roughness 
for CSD grown LPSMO/STO films 
LPSMO/STO 
(h00) 
< rA > 
(Å) 
σA
2 
(Å2) 
t 
 
δ 
(%) 
Grain 
Size 
(nm) 
Surface 
Roughness 
(nm) 
LPSMO I 1.2180 0.00115 0.8327 -0.05 500 21 
LPSMO II 1.2274 0.00191 0.8914 -0.13 600 24 
LPSMO III 1.2368 0.00249 0.9393 -0.15 700 43 
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5.2.5 Transport Properties 
Fig. 5.2.4 shows the ρ - T plots for all the CSD grown LPSMO/STO films in 
absence and presence of an applied magnetic field of 1, 5 and 9T in the temperature range 
2 - 360K. 
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Fig. 5.2.4 ρ vs T plots for CSD grown LPSMO/STO films under 0, 1, 5 and 9T 
fields 
V - 35 
 
Studies on CSD Grown La0.8-xPr0.2SrxMnO3 Manganite Films 
 
All the films exhibit metal-insulator/semiconductor (M-I/S) transition. With 
increase in x, the residual resistivity (ρ0) and peak resistivity (ρP) decrease along with 
increase in metal-insulator/semiconductor transition temperature (TP) [Table 5.2.2]. For 
instance, in LPSMO I, ρ0 and ρP are ~ 50 times higher than that in LPSMO III, whereas 
the TP is 238K in LPSMO I which becomes 377K in LPSMO III film. Fig. 5.2.5 shows 
the ρ - T plots for (a) CSD and (b) PLD grown LPSMO I/STO film in absence and 
presence of an applied field ~ 5T whereas fig. 5.2.5 shows the ρ - T plots for (c) CSD and 
(d) PLD grown LPSMO II and LPSMO III films under 0T field. It can be seen that, all 
the films exhibit M-I/S transition at TP. The values of ρ0, ρP and TP under zero applied 
field are listed in Table 5.2.2. 
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Fig. 5.2.5 ρ vs T plots of (a) CSD and (b) PLD grown LPSMO I/STO films under 0 
and 5T field (c) CSD and (d) PLD grown LPSMO II/STO and LPSMO 
III/STO films under 0T field 
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Table 5.2.2 Values of ρ0, ρP and TP for CSD and PLD grown LPSMO/STO films 
under zero applied field 
LPSMO/STO 
(100) 
CSD PLD 
ρ0 
(mΩcm) 
ρP 
(mΩcm) 
TP 
(K) 
ρ0 
(mΩcm) 
ρP 
(mΩcm) 
TP 
(K) 
LPSMO I 13.440  408.560  238 3778.877  7278.252  178 
LPSMO II 2.326 28.905 304 2.859 135.229 305 
LPSMO III 0.273 6.961 377 0.771 20.529 347 
 
It can be seen from Table 5.2.2 that, in both, CSD and PLD grown LPSMO/STO 
films, the resistivities are suppressed with increasing Sr content (x) while the TP values 
are enhanced appreciably. From the comparison point of view, the resistivity in CSD 
grown LPSMO/STO films is quite lower as compared to that in PLD grown films. TP is 
higher in CSD grown LPSMO I and LPSMO III films than that of PLD films. LPSMO 
II/STO films grown by CSD and PLD exhibit almost similar TP (~ 305K). An applied 
field suppresses the resistivity as shown in resistivity plots as well as shifts the TP toward 
higher temperature and hence maximum CMR effect exist around TP. 
A. Urushibara et al reported that, 10% doping of Sr2+ cation at rare earth site (A - 
site) in manganites results into an insulating behavior throughout the temperature range 
studied [12]. However, in the presently studied LPSMO I/STO film having 10% Sr - 
doping at La - site, TP ~ 178K (PLD) and 238K (CSD) has been observed. Also, with the 
increase in Sr - doping concentration, the TP increases and becomes ~ 347K (PLD) and 
377K (CSD). The possible reasons for the better transport M - I transition at reasonably 
higher temperature in the Sr - doped La0.8Pr0.2MnO3 manganites are given below - 
The smaller size Pr3+ substituting at La - site in LaMnO3 results in the reduction 
of Mn-O-Mn bond angle from 180o making superexchange competitive with Zener 
Double Exchange (ZDE) [13]. The substitution of Sr2+ at La - site or A - site in          
La0.8-xPr0.2SrxMnO3 system results in the increase in lattice parameters and the increase in 
Mn-O-Mn bond angle towards 180o. Sr - doping induces more compressive strain in the 
lattice resulting in the enhancement in TP and suppression in resistivity [14, 15]. The 
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increase in the Sr - doping concentration (from x = 0.1 to 0.3) at La (A) - site in         
La0.8-xPr0.2SrxMnO3, enhances the eg electron bandwidth due to larger size of Sr
2+ ion, 
promoting the motion of more itinerant electrons between Mn3+ and Mn4+ which in turn 
suppresses resistivity and increases the TP. In addition, due to the substitution of Sr
2+ (x) 
at La - site, the average grain size increases and the grain boundary density decreases 
resulting into the suppression in the scattering of eg electrons which in turn increases TP 
[16]. It is reported that, grain boundaries can be considered as more strained regions 
while core of the grains is lower strained in the films [17, 18]. With increase in Sr2+ (x) 
content, the increase in grain size and reduction in grain boundary density results in the 
suppression of microstructural strain in the films which supports ZDE and overcomes 
Jahn - Teller (JT) effect. The reduction in JT effect in MnO6 octahedra favors metallic 
behavior and hence increases in TP. 
It can be seen from Table 5.2.2 that, the CSD grown films exhibit lower 
resistivities and higher TP as compared to PLD grown LPSMO films having same 
thickness which can be attributed to the comparatively lower (compressive) strain present 
at the lattice - substrate interface and better film crystallinity. Thus, by using simple and 
low cost CSD technique of depositing LPSMO/STO films as compared to PLD, one can 
grow good quality manganite films having better transport. 
Optimally doped manganites are known to exhibit M - I/S transition near their TC. 
Few successful attempts have been made to understand the charge transport in 
semiconducting region above TP and metallic region below TP [19, 20]. In 
semiconducting region, the transport has been described by the creation of small polaron 
and the charge may be localized in the form of JT polarons, while in metallic region, the 
transport is explained by electron-electron, electron-phonon and electron-magnon 
scattering mechanisms. M.B. Salmon and M. Jaime reported T2 dependent resistivity 
(electron-electron scattering) in metallic region [21] while Kubo and Ohata et al observed 
a variation in resistivity with T2.5 attributed to the one magnon scattering [22]. Nobuo 
Furukawa suggested the dependency of resistivity on T3 which is due to un-conventional 
one magnon scattering low [23]. Two magnon scattering mechanism has been also 
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reported by Kubo and Ohata et al to understand the charge transport in metallic region 
[22]. 
As shown in fig. 5.2.4, CSD grown LPSMO I/STO film exhibits the conducting 
and semiconducting regions below and above TP, respectively, whereas the films LPSMO 
II/STO and LPSMO III/STO exhibit the metallic nature up to RT. To explain the 
semiconducting region in LPSMO I/STO film, there are few models like nearest 
neighboring hopping [24], adiabatic nearest neighboring hopping model for small polaron 
conduction [25], Schklovskii - Efros (SE) type of Variable Range Hopping (VRH) model 
[26] and Mott type VRH model for uncorrelated carriers [27, 28]. 
Three of the models namely (i) nearest neighboring hopping model [ρ = ρ0 exp 
(Ea/KT)], (ii) small polaron conduction [ρ = AT exp (Ea/KT)] and (iii) Mott type VRH 
model [ρ = ρ0 exp (To/T)
1/4] were fitted to semiconducting region under zero field ρ vs T 
plot as shown in fig. 5.2.6 (a) and (b). Linear fit to the lnρ vs T-0.25 data suggests that, the 
zero field resistivity (semiconducting region) in CSD grown LPSMO I/STO film follows 
the Mott type VRH of conduction and does not follow the small polaronic conduction or 
nearest neighboring hopping conduction. In other two models, the resistivity of the film 
deviates from the phenomena described by the above models at low temperatures 
whereas in Mott type VRH model, resistivity data in semiconducting region pursues the 
phenomena. 
In addition, fig. 5.2.6 shows the fittings of semiconducting resistivity behavior 
using Mott type VRH model under various applied fields for (b) CSD and (c) PLD grown 
films indicating a good agreement between the linear fit and semiconducting region 
suggesting that, the Mott type VRH model is obeyed by the semiconducting resistivity 
behavior under all the fields studied. In Mott type VRH model, To is related to carrier 
localization length. The values of activation energy at different fields calculated using the 
equation, To = E/K, where E is the activation energy and K is Boltzmann constant (8.617 
× 10-5 eV/K) are 53.54, 51.93, 44.35 and 39.44 K at 0, 1, 5 and 9T fields, respectively, 
for CSD grown films and 54.24 and 48.27 K at 0 and 5T fields, respectively, for PLD 
grown films. It can be seen that, the activation energy decreases with increasing field 
suggesting that, the localization length is suppressed, favoring the hopping of charge 
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carriers with the increasing field. In addition, the values of activation energy are higher in 
PLD grown films than that in CSD grown films which may be due to the better transport 
in CSD grown LPSMO I/STO film. 
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Fig. 5.2.6 (a) Plots of fitting of resistivity data to lnρ vs T-1 and ln(ρ/T) vs T-1 in 
semiconducting region under zero field for CSD LPSMO I/STO film. 
Plots of fitting of resistivity data to lnρ vs T-0.25 in semiconducting region 
under (b) 0, 1, 5 and 9T for CSD grown and (c) 0 and 5T for PLD grown 
LPSMO I/STO films 
 
The responsible transport mechanisms in metallic region of CSD grown 
LPSMO/STO films can be understood by fitting the resistivity data to a Zener-Double 
Exchange (ZDE) Polynomial law ρ = ρ0 + ρ2T
2 + ρnT
n, where ρ0 is the residual 
resistivity, ρ2 is the resistivity contributed by the electron-electron, electron-phonon and 
electron-magnon scattering mechanism, n is a higher order term and ρn is the 
corresponding resistivity coefficient. For one magnon scattering process, n is found to be 
equal to 2.5 and 3 and for two magnon scattering phenomena, it is 4.5 and 7.5. It is 
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reported that, for n = 5.5 and 6.5 corresponds to the higher Tn law indicating the 
importance of spin fluctuations to the low temperature resistivity [19]. Fig. 5.2.7, 5.2.8 
and 5.2.9 show the metallic resistivity fittings to ZDE polynomial law for CSD grown 
LPSMO I, LPSMO II and LPSMO III films, respectively carried out using the proposed 
models under various applied fields. 
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Fig. 5.2.7 Plots of ρ vs Tn for LPSMO I/STO film under (a) 0T, (b) 1T, (c) 5T and 
(d) 9T fields 
 
LPSMO/STO films under various fields can induce the different electron - 
magnon scattering phenomena. As shown in fig. 5.2.7, in LPSMO I/STO film, a value of 
n in ZDE polynomial law, continuously decreases with increase in applied magnetic field, 
suggesting the magnetic field induced suppression of the spin fluctuations and lattice 
vibrations and hence JT polarons. For 0T field, the metallicity follows the two magnon 
scattering law which becomes one magnon scattering phenomenon at 9T applied field 
due to the field induced suppression of lattice vibrations. In LPMSO II/STO film (fig. 
5.2.8), resistivity data follows the one magnon scattering law in the absence and presence 
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of various applied fields. In LPSMO III/STO (fig. 5.2.9), the resistivity data can be fitted 
to two magnon scattering law; where under 0 and 1T fields it follows higher Tn law 
indicating the high spin fluctuations in lower field transport which is suppressed under 5 
and 9T applied fields exhibiting lower ordered Tn law, indicating the field induced 
suppression in spin fluctuations. From LPSMO II/STO to LPSMO III/STO film, the one 
magnon scattering phenomenon becomes two magnon scattering process due to the effect 
of large size disorder in LPSMO III/STO than LPSMO II/STO film. 
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Fig. 5.2.8  Plot of ρ vs Tn for LPSMO II/STO film under 0, 1, 5 and 9T fields 
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Fig. 5.2.9 Plots of ρ vs Tn for LPSMO III/STO film under (a) 0 and 1T and (b) 5 and 
9T fields 
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5.2.6 Magnetotransport Properties 
To understand the systematic variation of MR with field in CSD grown 
LPSMO/STO films and to compare it with that observed in PLD grown films, the MR vs 
H isotherms were recorded at various temperatures in the fields up to 9T for all the CSD 
grown films as shown in fig. 5.2.10 (in PLD grown films, measurements were carried out 
under 8T field). 
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Fig. 5.2.10 MR vs H isotherms for CSD grown LPSMO/STO films at collected 
various temperatures 
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The suppression of resistivity and shifting of TP to higher temperatures (fig. 5.2.4) 
under applied field, results in the negative MR having maximum value at TP which 
decreases with the increase in Sr (x) concentration. In LPSMO I/STO film, MR 75% is 
observed at 200K (close to TP ~ 238K) under 9T which decreases to 35% at 300K (near 
TP ~ 304K) under 9T in LPSMO II/STO film. In LPSMO III/STO film, MR ~ 30% is 
exhibited at 360K (near TP ~ 377K) under 9T with appreciably large low temperature MR 
~ 42% (at 5K). Enhanced CMR effect in CSD grown LPSMO I/STO film can be 
attributed to the strong effect of magnetic field on the electron - lattice interaction. With 
increasing Sr (x) content, the lattice distortion is suppressed and CMR effect is 
pronounced. Also, due to the presence of smaller grains, grain boundary effect is 
prominent in LPSMO I/STO film, the magnetic field aligns more spins at non-magnetic 
grain boundaries resulting in higher MR. 
Fig. 5.2.11 depicts the MR vs H isotherms at 5K for LPSMO III/STO films grown 
by CSD and PLD techniques. It can be seen that, at 5K, PLD grown film exhibits MR ~ 
4% under 8T while CSD grown film exhibits MR ~ 41% under similar conditions which 
can be attributed to the spin polarized tunneling (SPT) or spin dependent scattering (SDS) 
effect [29, 30]. These observations clearly indicate that, the CSD grown LPSMO / STO 
films possess better magnetotransport as compared to PLD grown films. 
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Fig. 5.2.11 MR vs H isotherms for PLD and CSD grown LPSMO III/STO films 
collected at 5K 
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Conclusions 
We have successfully synthesized La0.8-xPr0.2SrxMnO3 (LPSMO) [x = 0.1, 0.2 and 
0.3] manganite films onto the single crystalline SrTiO3 (STO) (100) substrates using low 
cost and simple Chemical Solution Deposition technique (CSD). The structural analysis 
using X-ray Diffraction (XRD) confirms the (h00) oriented film growth while surface and 
morphological studies using AFM reveal the island like grain growth observed in CSD 
grown films while PLD films show smooth surface with partial island grain growth. An 
increased compressive strain and enhanced grain size (and hence reduced grain boundary 
density) with Sr2+ content (x) support the ZDE mechanism which results into improved 
transport, decrease in resistivity and increase in TP. CSD grown films show better 
transport as compared to PLD films due to the better crystallinity and compressive strain 
at the film - substrate interface. The responsible mechanism of charge transport in 
semiconducting region of CSD and PLD grown films is VRH type hopping of charge 
carriers indicating the field induced reduction in activation energy which is lower in CSD 
grown films as compared to PLD grown films. In metallic region, size variance at A - site 
plays an important role in governing the charge transport revealing that, CSD grown 
LPSMO II film exhibits one magnon scattering process which becomes two magnon 
scattering process in LPSMO III/STO due to the large size variance. The peak MR near 
TP is governed by the ZDE mechanism while low temperature large MR can be attributed 
to the spin polarized tunneling (SPT) or spin dependent scattering (SDS) effect. Pr3+ can 
induce the M - I/S transition along with large MR value in the CSD grown LPSMO 
I/STO film. The better transport and magnetotransport properties observed in CSD grown 
films as compared to PLD grown films can be attributed to the better crystallinity, 
presence of compressive strain at the interface and improved grain morphology in CSD 
grown LPSMO/STO films. 
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Scope for the Future Work 
 
During the course of present research work, an effort has been made to synthesize 
characterize nanostructured manganites and manganite thin films using novel Sol-Gel 
method, simple Co-precipitation route, Pulsed Laser Deposition (PLD) and Chemical 
Solution Deposition (CSD) techniques. An interesting grain growth dependent transport and 
magnetotransport measurements have been studied on nanostructured La0.7Pb0.3MnO3 
(LPMO) manganites. Dependence of transport and magnetotransport properties on lattice 
strain at the interface and surface morphology of LPMO/LAO films having various 
thicknesses has been studied in detail. Nanostructured La0.7Sr0.3MnO3 (LSMO) samples 
synthesized using Co-precipitation route show the structure - property correlations. The 
comparison has been made for the La0.8-xPr0.2SrxMnO3 (LPSMO) manganite films grown by 
CSD and PLD techniques on STO substrates indicating the better transport in CSD grown 
LPSMO/STO films. 
Some of the aspects presented in this thesis need further investigations such as - 
o It would be interesting to study the effect of grain growth on the transport and 
magnetotransport properties of nanostructured LPMO and LSMO manganites 
synthesized using Sol-Gel, Co-precipitation, Combustion, Pechini method etc and 
compare the results obtained 
o Also, the detailed study on the dependence of transport and magnetotransport properties 
of LPMO/LAO manganite thin films having various thicknesses < 100nm wherein the 
strain effect becomes prominent, would be interesting 
o It would be a proper effort to synthesize LPSMO films using Sputtering technique on 
various substrates and to compare the properties with CSD and PLD grown films as well 
as to study the effect of substrate on the strain induced modifications in the transport 
and magnetoresistance properties of the films 
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(RACMMP - 2009) held at M.S. University of Baroda, Baroda on February 28, 2009 
19. Workshop on “X-ray Techniques for Materials Research” held at I.I.T. Bombay, 
Mumbai during December 04 - 05, 2009 
20. 54th National symposium “DAE - Solid State Physics Symposium - 2009” (DAE - SSPS - 
2009) held at M.S. University of Baroda, Baroda during December 14 - 18, 2009 
21. “21ST Annual General Meeting Materials Research Society of India - 2010” (21st AGM 
MRSI - 2010) held at Sardar Patel University, V.V. Nagar during February 09 - 11, 2010 
22. “National Workshop on Nanoscience and Nanotechnology: A Curriculum development 
Approach - 2010” (NWNN - 2010) held at M.V.M. Science and Home Science College, 
Rajkot on February 21, 2010 
23. “International Conference on Nanoscience and Nanotechnology - 2010” (ICONN - 
2010) held at SRM University, Chennai during February 24 - 26, 2010 
24. “National Workshop on X-ray Diffraction Techniques and Applications - 2010” 
(NWXRD - 2010) held at Saurashtra University, Rajkot during March 17 - 19, 2010 
